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ABSTRACT 


This  technical  note  presents  the  documentation  of  the  third  phase 
of  research  in  the  development  of  a medium-scale  raacroeconometric  model 
of  the  Soviet  economy  Incorporating  an  input-output  component.  The 
accomplishments  of  the  first  two  phases  of  research  are  summarized  and 
the  results  of  the  application  of  SOVMOD  II  during  Phase  III  to  questions 
of  interest  to  both  Soviet  specialists  and  policy  planners  are  presented. 
The  report  then  details  the  added  capabilities  and  refinements  introduced 
in  developing  the  SOVMOD  III  version  of  the  SRI-WEFA  Econometric  Model, 
with  particular  attention  devoted  to  the  input -output  component  which 
was  completely  Integrated  with  the  equation  system  during  Phase  III. 
Lastly,  future  plans  for  model  work  beyond  the  development  phases  are 
indicated . 


DISCLAIMER 

The  views  and  conclusions  contained  in  this  report  are  those  of  the 
authors  and  they  should  not  be  Interpreted  as  necessarily  representing 
the  official  policies,  either  expressed  or  implied,  of  the  Defense  Advanced 
Research  Projects  Agency  or  the  U.S.  Government, 
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FOREWORD 


The  publication  of  this  technical  note  represents  the  completion  of 
the  third  and  final  phase  of  development  work  in  the  construction  of  an 
econometric  model  of  the  Soviet  Union  by  the  Strategic  Studies  Center  of 
SRI  and  the  Wharton  Econometric  Forecasting  Associates.  This  unique 
undertaking  by  a team  of  specialists  on  the  Soviet  economy  and  experienced 

econometricians  is  the  central  component  of  the  SSC's  Soviet  and  Comparative  1 

Economics  Program.  This  program  is  under  the  direction  of  | 

Dr.  Herbert  S.  Levine,  Professor  of  Economics  at  the  University  of  | 

Pennsylvania  and  Senior  Research  Consultant  at  the  SSC,  and  M.  Mark  Earle,  Jr.,  | 

Assistant  Director  of  the  SSC  and  Co-Director  of  SRI's  Center  for  Economic 
Policy  Research.  Dr.  Francis  W.  Rushing,  Senior  Economist  at  the  SSC,  is 
the  Program  Manager. 

The  authors  wish  to  acknowledge  the  valuable  aid  of  those  who  appear 
as  contributors  on  the  title  page  of  this  technical  note.  Appreciation 
is  also  expressed  for  the  painstaking  efforts  of  Irene  Lesniewski  and 
Jane  Misheloff  in  the  preparation  of  the  documentation. 

Richard  B.  Foster 

Director 

Strategic  Studies  Center 
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I THE  SRI-WEFA  ECONOMETRIC  MODEL  OF  THE 
SOVIET  UNION:  AN  INTRODUCTION 
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The  SRI-WEFA  Econometric  Model  of  the  Soviet  Union,  developed  over 
a three-year  period  begl  ning  in  the  fall  of  1973,  represents  a 
significant  development  in  both  econometric  modeling  and  Western 
analysis  of  the  Soviet  economy.'  Model-building  techniques,  which  had 
been  developed  for  Western  market  economies,  were  for  the  first  time 
applied  in  a systematic  econometric  analysis  of  a centrally  planned 
economy.  The  application  of  these  techniques  was  not  mechanistic,  but 
rather  was  based  upon  thorough  analysis  of  Soviet  economy  data  and 
economic  institutions.  Many  of  the  components  of  the  model  constitute 
original  research  in  applied  econometrics  on  planned  economies:  labor 

participation  and  distribution,  investment  determination,  capital 
formation,  agricultural  production,  wage  determination,  consumption  and 
foreign  trade.  The  complete  model  has  been  used  in  important  application 
studies,  covering  such  topics  as  the  1975  grain  harvest  failure, 
technology  transfer,  the  Tenth  Five  Year  Plan,  and  longrun  growth 
potential  through  the  1980s.  In  this  Introduction,  the  major  accomplish- 
ments in  the  development  of  the  Model  will  be  reviewed  and  the  tasks  of 
consolidation  which  remain  will  be  outlined. 

A . Past  Accomplishments  Embodied  in  SOVMOD  III 

In  Phase  One  of  the  project,  a compact  model  (SOVMOD  I)  was  developed 
through  a symbiosis  of  econometric  modeling  experience  and  an  under- 
standing of  the  Soviet  economic  system  and  Soviet  economic  data.  By  re- 
stricting the  degree  of  disaggregation,  the  project  was  able  to  focus  ! 

1 

its  resources  on  the  development  of  consistent  specification  and  structure.  ! 

A description  of  this  process  of  specification  search  and  system  design,  j 


Annual  reports  on  tlie  project  were  submitted;  see  Green  and  Higgins,  "The 
SRI-WEFA  Soviet  Econometric  Model:  Phase  One  Documentation,"  SSC-TN- 

2970-] , SRT/Strateglc  Studies  Center  (March  1975),  and  Green,  Klein  and 
Levine,  "The  SRI-WEFA  Soviet  Econometric  Model:  Phase  Two  Documentation," 

SSC-TN-2970-3 , SRl/Strateglc  Studies  Center  (October  1975). 

1 
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tORether  with  a broader  examination  of  the  methodological  Issues  involved 
in  this  new  approach  to  comparative  economic  systems,  is  now  available 
in  a book  written  by  the  principal  architects  of  the  Model  during  Phase 
One  of  the  project.^ 

1 . Scope  of  the  SRI-WEFA  Model 

Wi*-h  the  development  of  SOVMOD  III,  an  appropriate  level  of 
disaggregation  for  a Soviet  macromodel  appears  to  have  been  achieved. 

In  the  determination  of  GNP  from  the  production  side,  there  are  presently 
six  sectors  of  origin  with  industry  disaggregation  into  twelve  branches: 


• Aggregate  Industry 

- Electroenergy 

- Coal  Products 
Petroleum  Products 

- Ferrous  Metallurgy 
Nonferrous  Metallurgy 

- Chemicals  and  Petrochemicals 

- Machine-Building  and  Metalworking 

- Forest  Products 

- Paper  and  Pulp 
Construction  Materials 
Soft  Goods 
Processed  Foods 

• Construction 

• Transport  and  Coniraunclatlons 

• Domestic  Trade 

• Government  and  Services 

• Agriculture 

Within  agriculture,  there  is  a further  specification  of  grain 
production,  total  crops,  animal  products  and  meat. 


1 

Donald  W.  Green  and  Christopher  I.  Higgins,  A Macroeconometrlc  Model 
of  the  Soviet  Union  (New  York:  Crane-Russak,  forthcoming  1976). 
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Disaggregation  on  the  income  and  end-use  sides  of  the  national 
accounts  also  appears  to  have  reached  an  appropriate  level.  Nominal 
annual  wages  are  determined  for  seven  sectors  of  employment  (with  a 
separation  between  state  and  collective  farms) . Total  household  income 
includes  money  wage  income,  agricultural  income-in-kind,  and  State  trans- 
fer payments;  nonhousehold  income  is  divided  into  gross  profits  and 
amortization  in  State  and  collective  organizations,  and  into  focT-  revenue 
categories  in  the  State  budget.  There  are  two  wholesale  industrial 
prices,  two  retail  prices  for  the  State  sector,  and  a "negotiated" 
agricultural  price  which  enter  in  the  determination  of  the  consumption 
price  deflator.  In  the  consumption  component  of  the  model  there  are 
four  categories:  food,  soft  goods,  durables,  and  services.  Beyond  the 

categories  of  new  capital  investment  corresponding  to  sectors  of  pro- 
duction, there  is  a category  of  capital  repair  and  two  categories  of 
Inventories  (domestic  trade  and  nonagr icultural) . On  the  expenditure 
side  of  the  State  budget,  the  model  includes  categories  for  financing 
the  national  economy,  social-cultural  expenditures,  administration, 
defense,  and  a residual  category. 

In  order  to  focus  on  model  development,  the  defense  sector  of 
the  SRI-WEFA  Model  was  at  first  given  limited  attention.  A simple 
specification  using  the  official  defense  budget  and  a separation  of  that 
total  figure  into  personnel  and  nonpersonnel  categories  allowed  us  to 
avoid  the  extensive  controversy  in  the  West  on  the  appropriate  measure 
of  Soviet  defense  expenditures  and  concentrate  on  the  development  of  the 
macromodel.  During  Phase  Three,  we  have  introduced  a generalized 
specification  of  the  defense  sector  which  has  been  partially  implemented 
through  the  addition  of  a category  for  State  Reserves.^ 

1 

Donald  W.  Green,  "The  Defense  Sector  in  a Soviet  Macromodel:  A New 

Specification  for  the  SRI-WEFA  Model,"  Project  Working  Paper  #43, 
revised  version  (July  1976)  . 
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The  final  area  of  disaggregation  concerns  foreign  trade.  Four 
geographical  areas  are  distinguished:  CMEA,  Developed  West,  Other 

Socialist  Economies,  and  Less  Developed  Countries,  Soviet  trade  with  the 
CMEA  and  the  Developed  West  is  broadly  disaggregated  by  the  commodity  (raw 
materials,  machinery,  food,  grain,  and  other  consumer  goods).  Hard 
currency  liquidity  is  determined  in  the  model  by  a consideration  of  the 
current  account  in  hard  currency,  credit  repayments  and  interest, 
service j and  transfers,  credit  drawings  and  gold  transactions. 

2 . Bureaucratic  Response  and  Administrative  Intervention 

For  the  application  of  econometric  methods  at  the  macroeconomic 
level,  it  is  Important  that  the  data  one  observes  are  generated  by  a 
stable  underlying  process  which  is  not  dominated  by  nonrandom  disturbance 
or  stochastic  elements.  For  models  of  Western  market  economies,  this 
assumption  of  structural  invariance  is  usually  based  upon  technical  re- 
lationships or  the  aggregation  over  rational  economic  agents  operating  in 
competitive  markets.  A major  concern  in  the  development  of  the  Soviet 
model  has  been  the  identification  of  a third  source  of  structural 
stability,  arising  from  Soviet  administrative  regularity  in  response 
patterns  over  a 1-2  year  period. 

In  order  to  incorporate  administrative  regularity  in  our 
specification  of  a macromodel,  we  have  Identified  a small  number  of 
signals  which  quantify  the  state  of  the  macroeconomy  in  a given  year. 

These  signals  convey  what  we  have  defined  as  system  contingencies , 

the  departure  of  important  variables  from  "planned"  or  anticipated  levels. 

Wliereas  in  market  economies  information  about  the  state  of  the  economy  is 
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typically  distributed  to  independent  agents  through  prices,  in  a centrally 
planned  economy  such  as  the  USSR  most  information  is  conveyed  adminis- 
tratively through  quantity  signals  or  rates  of  growth.  Consequently,  we 
defined  most  of  these  contingencies  by  rates  of  growth  or  other  dimension- 
less measures  and  these  terras  appear  in  many  equations.  Ihe  most  import- 
ant contingencies  in  our  macroraodel  are: 

• the  proportional  deviation  of  the  harvest  from  potential 
production,  almost  entirely  a consequence  of  the  weather; 

• the  rate  of  growth  of  real  nonpersonnel  defense  expenditures, 
determined  by  an  exogenous  budget  allocation  of  defense; 

• the  rate  of  growth  of  real  gross  profits  in  the  national 
economy,  influenced  in  part  by  current  and  past  harvest 
but  also  by  changes  in  consumer  goods  inventories; 

• the  realized  rate  of  growth  of  nonagricultural  capital 
Investment,  dependent  on  the  Annual  Plan  and  the  first 
and  third  contingencies  above;  and 

• hard  currency  liquidity,  defined  in  terms  of  hard  currency 
reserves,  gold  reserves  and  external  debt. 

We  conceive  of  the  Soviet  economic  administration  responding  to  such 
contingencies  through  either  central  command  or  decentralized  action  by 
officials  sensitive  to  the  preferences  of  the  leadership.  System  con- 
tingencies may  in  reality  be  defined  differently  within  the  actual  Soviet 
bureaucracy,  and  they  may  be  defined  in  terms  of  variables  that  are  not 
observable  from  the  outside.  We  have,  however,  defined  signals  which  are 
available  from  published  official  sources  or  Western  estimates.  If  they 
are  adequate  proxies  for  the  actual  signals,  the  test  of  regularity  in 
administrative  response  is  the  statistical  significance  of  the  reaction 
coefficient  within  a fully  specified  equation. 
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This  conception  of  bureaucratic  response  Is  one  of  shortrun 
accommodation  to  system  contingencies  and  is  not  meant  to  explain  the 
longterm  structural  shifts  observed  in  the  past  or  anticipated  in  the 
future.  Tn  this  sense,  the  SRI-WEFA  Model  is  rather  similar  to  quarterly 
forecasting  models  in  the  West  where  inertial  guidance  dominates  perfor- 
mance over  a two-year  horizon  unless  certain  strategic  instruments  in 
the  Western  economy  are  changed,  e.g.,  government  expenditure  and 
trixation,  the  money  supply,  wage  and  price  controls. 

In  addition  to  the  accommodating  system  of  bureaucratic 
response,  the  SRI-WEFA  Model  was  developed  with  considerable  attention 
tr  administrative  intervention,  i.e.,  exogenous  shifts  in  key  parameters 
or  in  system  structure,  represented  by  dummy  variables.  Since  the 
Soviet  economy  is  a highly  politicized  economic  system,  it  is  not 
surprising  that  a Soviet  macromodel  exhibits  a higher  percentage  of 
dummy  variables  than  a macromodel  of  a Western  market  economy.  In 
SOVMOD  I,  for  example,  nearly  15  percent  of  the  variables  in  the  model 
were  dummy  variables.  Two-thirds  of  these  dealt  only  with  shifts  in 
financial  flows  and  nominal  wage/price  levels,  but  the  others  represented 
important  administrative  interventions  in  the  allocation  of  factors  and 
the  disposition  of  product. 

Acknowledging  the  various  technical  issues  involved,  we  tended 
toward  a liberal  use  of  dummy  variables  for  two  major  reasons.  First,  by 
incorporating  such  "events"  in  the  specification  of  the  Soviet  model,  they 
become  documented  in  model  equations  though  certainly  not  explained.  These 
anomalies  do  not  evaporate  with  the  pattern  of  estimation  residuals  but 
remain  as  subjects  for  future  historical  and  econometric  research.  Second, 
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we  have  sought  to  predict  administrative  response  rather  than  inter- 
vention, and  have  employed  diiinmy  variables  to  capture  the  latter  in  the 
interest  of  "better"  estimates  for  parameters  of  technical  and  behavioral 
regularity . 

B.  The  Integration  of  an  Input-Output  Component  Within  a Macromodel 
of  the  Soviet  Union 


Input-output  data,  although  scarce  in  comparison  to  the  availability 
of  national  income  and  product  data,  are  an  important  source  of  Industry 
detail  that  can  be  used  to  construct  links  between  the  supply  side  and 
the  production  side  of  the  macroeconometric  model.  These  data  provide  a 
consistent  accounting  framework,  tracing  the  flow  of  intermediate  inputs 
through  the  economy  and  the  distribution  of  products  among  alternative 
categories  of  final  demand.  The  transactions  table  can  be  translated 
into  an  input  matrix,  containing  direct  input  coefficients,  which  describe 
the  input  requirements  of  each  sector  per  unit  of  gross  output;  or  an 
allocation  matrix  containing  direct  allocation  coefficients  which  describe 
the  distribution  of  products  among  the  producing  sectors  and  categories 
of  end  use  per  unit  of  gross  output.  In  either  case  these  matrices  of 
coefficients  can  be  interpreted  as  general  descriptions  of  the  under- 
lying technology  of  the  economy  which  was  used  to  produce  material  pro- 
ducts for  both  intermediate  and  final  use.  In  turn,  the  macromodel 
provides  information  on  factor  allocation  and  the  composition  of  output 
which  serve  to  move  input-output  coefficients  and  capacity  constraints 
over  time. 

1 . Partial  Integration  Accomplished  in  SOVMOD  II 

The  principal  task  in  this  aspect  of  Phase  Two  was  the 
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doterniinatlon  of  a secuence  of  a balanced  I-O  tables  over  the  period 
1959-72.  The  basis  for  this  derivation  is  provided  by  actual  Soviet 
Input-Output  Tables  for  1959,  1966,  and  1972  in  current  producers'  prices, 
the  last  table  being  a preliminary  version  made  available  in  June  1975.* 

During  Phase  Two,  this  sequence  of  I-O  tables  was  balanced  in 
current  prices  rather  than  in  constant  prices.  Our  objective  was  to 
derive  a plausible  movement  of  the  material  requirements  matrix,  the  A 
Ma:rix,  for  unobserved  years.  Using  the  actual  Tables  and  time-series 
for  gross  value  of  output  and  value-added  by  sector  in  current  prices, 
intervening  tables  were  determined  by  a modified  RAS  teef nique  using  a 
weighted  minimization  algorithm  for  coefficient  movement.  A particular 
problem  was  posed  by  the  196/  Price  Reform.  It  was  handled  by  revaluing 
the  1966  Table  in  postreform  prices.  This  revalued  1966  Table  was  then 
used  in  the  interpolation  between  1966  and  1972.^ 

In  Phase  One  we  gained  some  experience  with  the  use  of  Input- 
Output  in  the  determination  of  end-use  categories.  Further  development 
in  that  direction  depends  upon  the  reconstruction  of  the  end-use  quadrant 
of  the  reconstructed  1972  Table.  Consequently,  we  chose  to  focus  upon 
appllcatloi.  of  I-O  in  the  determination  of  Intersectoral  deliveries 
during  Phase  Two.  Our  objective  was  to  use  such  information  in  an 
iterative  determination  of  a consistent  vector  of  gross  outputs.  From 
the  current  price  series  for  gross  value  of  output  and  value  added,  we 
derived  series  for  material  inputs  and  entered  those  in  our  specifications 
of  production  functions  for  branches  of  Industry.  In  SOVMOD  III,  improved 
estimates  of  Soviet  prices  are  used  to  deflate  current  price  material 
Inputs . 
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We  wish  to  thank  Professor  Vladimir  G.  Treml  and  analysts  at  the  Foreign 
Demographic  Division  of  the  Department  of  Commerce  for  making  available 
this  preliminary  version  of  the  table  to  facilitate  our  research. 
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Gene  D.  Gulli,  "The  RAS  Method  of  Coefficient  Adjustment  and  Soviet 
Input-Output  Data,"  Working  Paper  //3A  (September  1975). 
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There  are  several  ways  in  which  the  Input-Output  Tables  may  be 
used  to  provide  the  macromodel  with  the  feature  of  sectoral  inter- 
dependence present  in  the  actual  economy.  When  the  macromodel  departs 
from  the  actual  historical  path,  the  Input-Output  framework  enables  the 
model  to  restrict  itself  to  consistent  vectors  of  gross  output.  We  have 
programmed  three  different  procedures  to  determine  gross  outputs  con- 
sistent with  material  inputs,  using  sequences  of  input  requirement 
matrices  (A  matrices)  and  allocatlonal  matrices  (B  matrices)  derived 
from  the  balanced  tables: 


• B Matrix  allocation:  The  flow  table  is  regarded  as  an 

allocation  scheme  where  purchases  by  each  column  sector  are  a function 

only  of  the  production  levels  (or  availabilities)  of  each  row  sector. 

Coefficients  in  the  B matrix  are  defined  as  b..  - x , . /X . „ ^ ^ 

Ij  - ij  i.  Gross  outputs 

from  the  macromodel  are  multiplied  across  the  rows  of  the  B matrix  to 
establish  a simulated  flow  table. 


• A Matrix  requirements  with  B Matrix  distribution  of  excess 
demands:  In  this  scheme  the  flow  table  is  regarded  as  a representation 

of  technological  relationships  where  the  inputs  purchased  by  each  sector 
are  determined  solely  by  the  level  of  output  of  that  sector.  Elements 
in  the  A matrix  are  defined  as  a^j  - x^^/Xj.  Gross  outputs  from  the 
macromodel  are  multiplied  up  the  columns  of  the  A Matrix  to  establish 
a provisional  flow  table.  Total  outputs  are  then  added  up  across  each 
row  and  the  excess  demands  (or  excess  supplies)  are  then  redistributed 
proportionately  back  across  the  rows  to  determine  an  adjusted  flow  table. 


• A Matrix  requirements  with  distribution  of  excess  demands 
according  to  a weighted  minimization  algorithm:  The  provisional  flow 

table  is  computed  as  shown  above  for  A matrix  requirements  with  B Matrix 
distribution  of  excess  demands.  Excess  demands,  however,  are  re- 
distributed across  the  rows  in  a fashion  which  minimizes  the  change  in 
flows  subject  to  a prescribed  weighting  scheme  which  can  be  interpreted 
as  representing  a priority  ranking  of  sectors. 

After  a flow  table  has  been  determined  according  to  one  of 
the  above  procedures,  material  inputs  to  each  sector  are  determined  by 
the  column  sum.  In  the  next  Iteration  of  the  model,  these  material  input 

series  influence  sector  outputs  through  the  sectoral  production  functions 
and  the  I-O  procedure  is  repeated. 

2 . Current  Developments  for  a More  Complete  Integration  in 

SOVMOD  III 

The  development  task  which  was  most  important  during  Phase  Three 
was  the  extension  of  the  I-O  integration  used  with  SOVMOD  II.  These 
extensions  Included  further  experimentation  with  balancing  algorithms  and 
modeling  of  coefficient  movement  for  long-term  projections. 

a . Algorithms  to  Move  Soviet  Input-Output  Data 

The  algorithm  developed  during  Phase  Two,  for  interpolating 
between  actual  input-output  tables,  was  designed  so  that  specialized 
information  on  technological  change  could  influence  the  coefficient 
adjustment  process.  With  suggestions  by  input-output  specialists  reviewing 
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this  sequence  of  balanced  tables,  we  have  constructed  an  Improved 
sequence  of  tables  for  1959-72  using  the  same  algorithm.  Experiments 
were  also  made  with  an  alternative  balancing  method  where  a linear  pro- 
gramming algorithm  performs  a full-matrix  minimization  of  weighted 
coefficient  adjustment  instead  of  the  iterative  approach  to  separable 
minimizations  across  each  row  and  column . ^ 

b . The  Modeling  of  Coefficient  Movement 

After  the  determination  of  a sequence  of  I-O  tables,  the 
next  step  is  the  endogenlzatlon  of  matrix  coefficients,  i.e.,  the  modeling 
of  coefficient  movement  over  time.  For  models  of  Western  market  economies, 
Preston  and  others  have  used  relative  prices  to  help  explain  the  long- 
term movement  of  the  matrix  of  I-O  coefficients.  To  explain  coefficient 
movements  in  the  Soviet  planned  economy,  an  analogous  system  of  equations 
was  estimated  utilizing  relative  wages  and  trends.  ^ 

c . Net  Delivery  Constraints  on  End-Use  Categories 

In  the  development  of  SOVMOD  I,  Higgins  used  the  1966  Input- 
Output  Table  to  compute  synthetic  real  "delivery"  measures  for  categories 
of  consumption.^  Presently  in  SOVMOD  III,  the  balanced  I-O  tables 
1959-1972  include  a final  demand  vector  normalized  on  GNP.  Eventually, 
we  propose  to  use  this  information  on  net  production  by  sector  in  the 
determination  of  various  categories  of  end-use.  For  example,  net  pro- 
duction of  industrial  materials  may  be  related  to  net  exports  of  such 
materials  to  the  CMEA  and  the  Developed  West.  This  also  becomes  an 
important  link  for  connecting  material  imports  to  domestic  production 
in  the  macromodel. 
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Gene  D.  Gulll  and  Ross  S.  Preston,  "The  Use  of  Linear  Programming  in 
Estimating  the  Changes  in  Soviet  Input-Output  Data,"  Working  Paper  #A1 
(December  1975) . 
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Green  and  Higgins,  op.  clt..  Chapter  6. 
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When  the  end-use  quadrant  of  the  reconstructed  1972  Input- 
Output  Table  becomes  available,  we  will  be  able  to  balance  a sequence 
of  end-use  quandrants  (H  matrices)  over  the  period  1959-72.  "Delivery" 
measures  derived  from  the  solution  of  the  model  would  then  operate 
directly  on  categories  of  end-use. 

C . The  Consolidation  of  the  First  Three  Years'  Research 

With  the  close  of  Phase  Three,  it  is  appropriate  to  stop  and  consider 
the  tasks  of  consolidating  three  years'  research.  Essentially,  these 
tasks  involve  the  standardization  of  the  product  and  its  general 
» distribution  to  a broad  constituency  of  policymakers  and  professional 

economists.  Considerable  progress  in  these  areas  has  been  made  but 
there  will  remain  major  tasks  of  consolidation  in  subsequent  years. 

• 1.  Documentation  of  a Family  of  Models 

It  is  now  clear  that  what  has  heretofore  been  the  SRI-WEFA 
Econometric  Model  of  the  Soviet  Union  should  now  be  regarded  as  a family 
of  econometric  models.  With  various  models  specialized  for  dealing  with 
different  sets  of  questions,  the  Issues  of  standardization  and  compati- 
bility become  paramount.  With  SOVMOD  I virtually  retired  except  for 
learning  purposes  and  SOVMOD  II  based  on  older  Western  data,  the  core 
of  the  model  family  will  be  an  updated  version  of  SOVMOD  III.  All  models 
will  use  the  same  WEFA  support  software  programs,  use  the  same  Databank 
(with  some  exceptions),  and  share  common  variable  names.  Our  primary 
objective  is  to  allow  all  models  to  evolve  but  to  facilitate  the  transfer 
of  innovations  where  appropriate.  The  principal  models  which  will 
constitute  this  family  are  the  following: 

t 
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• The  Medium-Term  Macromodel  (SOVMOD  III)  . This  constitutes 
the  core  system  used  for  scenario  analysis  and  annual 
forecasting  for  a 2-5  year  horizon.  It  continues  to  provide 
the  partial  integration  of  the  I-O  component  available  now 
in  SOVMOD  II  plus  the  component  used  to  move  the  I-O  table 
d3rnamically . 

• The  Medium-Term  Macromodel  with  an  Extended  Foreign  Trade 
Component . This  model,  specialized  for  PROJECT  LINK  and 
other  foreign  trade  studies,  will  Include  extended  components 
for  USSR-CMEA  trade  and  East-West  trade  generally. 

• The  Long-Term  Growth  Model.  This  model  will  be  specialized 
to  deal  with  technical  change,  structural  change  and  goals 
for  10-25  year  projections.  For  efficiency  in  model 
development,  certain  components  of  the  macromodel  may  be 
compressed,  e.g.,  the  State  budget  or  foreign  trade.  Those 
components  may  be  restored  in  full  detail  for  final 
applications . 

• Defense-Related  Models.  These  models  will  incorporate  dif- 
ferent estimates  and  specifications  of  Soviet  defense 
expenditures  for  comparative  purposes  and  scenario  analysis. 

2 . Standardization  of  the  Databank 


The  Databank,  which  has  been  developed  during  the  three  years  of 
the  project,  is  essential  to  effective  research  and  model  applications,  by 
the  SRl-WEFA  team  and  others.  Data  used  for  SOVMOD  I have  been  fully 
documented  in  the  preparation  of  the  Green-Hlggins  book,^  but  for  many 
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Green  and  Higgins,  op.  clt. 


I i 


13 


r 


other  variables  it  la  a costly  process  to  fully  document  series  for 
outside  users.  One  task,  of  consolidation  is  to  complete  full  documentation 
of  existing  data  in  a convenient  form  for  access  by  other  scholars . 
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A related  issue  is  the  policy  of  public  distribution  of  the 
Databank  with  documentation.  The  project  has  freely  made  available  the 
data  existing  in  the  Databank.  Continued  funding  support  is  essential  to 
maintain  this  service  to  the  scholarly  community. 

Of  particular  importance  is  the  standardization  of  the  annual 
update  process  for  the  project  Databanks.  Should  all  series  be  updated 
each  year  or  only  those  used  in  the  family  of  models?  The  current 
procedure  is  somewhere  in  between  these  extremes,  with  an  updating  of 
mar/  variables  of  interest  which  are  not  presently  in  the  model. 
Essentially,  the  procedure  for  annual  updating  will  be  codified  and 
centralized  at  Wharton  EFA  with  continued  supervision  by  SRI  members 
of  the  project  team. 

3.  Publication  of  SOVMOD  III 

Given  the  variety  of  current  model  developments,  the  project 
has  begun  preparation  of  a second  book  concerning  the  SRI-WEFA  Model. 

As  it  is  currently  conceived,  the  new  book  would  not  be  concerned  with 
the  same  material  as  Green  and  Higgins  but  rather  with  a more  technical 
presentation  of  SOVMOD  III.  This  volume  could  stand  as  a reference 
for  econometric  modeling  of  nonmarket  economic  systems  and  document 
all  equations  of  SOVMOD  III. 
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The Emergence  of  a Research  Team 


One  major  consequence  of  the  SRI-WEFA  project  has  been  the  establish- 
ment of  a unique  research  team  centered  at  the  University  of  Pennsylvania 
in  Philadelphia.  Although  outside  scholars  have  provided  valuable 
guidance  at  certain  stages,  the  true  dynamics  of  this  research  project 
have  been  the  sequence  of  staff  meetings  which  began  in  the  fall  of  1973 
and  have  continued,  more  or  less  regularly,  since  then.  It  is  in  these 
meetings  and  the  extensive  contacts  between  meetings  that  Innovations 
in  specification  and  system  design  have  emerged  and  been  refined. 

Senior  supervision  of  the  SRI-WEFA  Project  has  been  provided  by 
Lawrence  R.  Klein,  Herbert  S.  Levine  and  Ross  S.  Preston.  Principal 
Investigators  during  this  first  year  were  Donald  W.  Green  and  Christopher 
I.  Higgins.  With  Dr.  Higgins'  return  to  the  Australian  Treasury  in  the 
second  year.  Gene  D.  Gulll  and  Peter  Miovic  began  as  researchers  on 
particular  aspects  of  the  project  and  have  now  in  the  third  year 
broadened  their  participation  as  principal  Investigators.  Also  in  the 
third  year,  Edward  A.  Hewett  of  the  University  of  Texas  has  joined  the 
project  as  a specialist  on  Soviet  foreign  trade  and  Holland  Hunter 
has  assumed  a growing  role  in  Introducing  the  model  and  its  potential 
to  the  Washington  community.  Furthermore,  a significant  number  of 
research  assistants,  primarily  graduate  students  at  Penn,  have  gained 
experience  in  econometrics,  programming,  and  the  quantitative  study  of 
planned  economies.  The  project  team  has  demonstrated  a capacity  for 
Integration  with  senior  personnel  actively  participating  in  specification 
and  application  studies  and  research  assistants  authoring  or  co-authoring 
project  working  papers. 
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The  Institutional  associations  have  also  coiiLributcd  to  Lite 
quality  of  research.  In  Philadelphia,  the  project  has  gained  extensive 
contact  with  other  econometric  modelers  through  Wharton  EFA,  the  Economic 
Research  Unit  of  the  Department  of  Economics,  and  Project  LINK. 
Particularly  valuable  have  been  the  contacts  with  econometricians  from 
Eastern  Europe.  Stanford  Research  Institute  has  also  provided  an 
important  channel  for  Interaction  with  other  Western  specialists  on  the 
Soviet  economy  as  well  as  with  Soviet  economists  and  officials  through 
its  multiple  relations  with  the  USSR. 
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II  A YL'AR'S  EXPERIENCE  WITH  SOVMOD  II 
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In  this  chapter,  we  report  on  certain  model  refinements  of  SOVMOD  II, 
on  our  experience  In  transferring  the  model  from  Philadelphia  to  Washington, 
D.C.  and  to  SRI  headquarters  in  Menlo  Park,  California,  and  on  a number 
of  application  studies  performed  with  SOVMOD  II.  As  indicated  in  last  year's 
Phase  Two  Documentation,  our  plan  for  Phase  Three  was  to  undertake  applica- 
tion studies  of:  the  1975  harvest,  technology  transfer  to  the  Soviet  Union, 
an  evaluation  of  the  new  Soviet  15-year  plan,  and  longperlod  simulations. 

We  have  carried  out  all  of  these  studies,  with  the  exception  of  the  evalua- 
I tion  of  the  15-year  plan,  since  the  Soviets  did  not  complete  that  plan  on 

i schedule  and,  as  of  this  writing,  have  still  not  publisiicd  any  data  on  it. 

i In  place  of  our  intended  15-year  plan  study,  we  undertook  a study  of  the 

; new  Soviet  10th  Five  Year  Plan  (FYP) . A description  of  this  study  is  In- 

I 

eluded  below. 

I A.  Model  Refinements  and  Transfer  from  Philadelphia  to  Washington,  D.  C.  and 

1 

! Menlo  Park,  California 


During  the  past  year  we  have  subjected  SOVMOD  II  to  an  increasingly 
stringent  set  of  tests.  These  have  led  to  certain  refinements  in  the  model 
and  prepared  the  ground  for  tlie  design  and  implementation  of  SOVMOD  III.  The 
main  way  of  carrying  (Hit  tliis  validation  of  the  model  has  been  through  the  use  of 
simulations . 

The  initial  sample  period  dynamic  simulations  carried  out  with  SOVMOD  II 
more  than  a year  ago  suggested  that  certain  equations  were  not  tracking  well 
and  could  cause  problems  in  forward  projections.  This  was  particularly  true 
of  the  foreign  trade  sector  where  several  equations  had  to  be  reestimated. 
However,  even  in  the  current  version  of  the  model  we  have  had  to  exogenir.e 
Soviet  grain  imports  and  gold  sales. 
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Simulations  beyond  the  sample  period,  first  to  the  end  of  the  1970s 
covering  the  Soviet  10th  FYP  and  then  Into  the  1980s,  alerted  us  to  other 
possible  problem  areas.  While  the  economic  implications  and  results  of  those 
applications  of  the  model  are  reported  below,  it  is  useful  to  point  out  some 
of  the  modlf icatlnns  that  were  made  in  the  process  of  carrying  out  that 
research. 

In  the  shorter  term  (1-5  years  out),  the  simulations  were  generally 
stable.  A few  trends  had  to  be  suppressed  or  attenuated  and  a number  of 
adjustments  made  to  the  endogenous  variables.  The  main  adjustments  were  in 
the  equations  for  the  allocation  of  labor  between  city  and  country,  and  for 
labor  force  participation,  in  Soviet  trade  for  CMEA  where  a discontinuous 
break  in  prices  occurred  subsequent  to  the  sample  period,  and  in  the  timing 
of  impacts  stemming  from  the  1975  harvest  failure.  Some  minor  adjustments 
were  made  in  the  equations  for  industrial  branch  investment  and  emplojnnent , 
and  in  the  State  Budget  revenues.  This  degree  of  model  adjustment  is  quite 
comparable  to  experience  with  models  of  Western  market  economies. 

When  extending  our  projections  into  the  1980s,  an  additional  set  of 
problems  arose.  It  became  increasingly  difficult  to  preserve  certain  balances 
and  internal  consistencies.  For  example,  the  model  did  not  ensure  that 
project  ions  of  industrial  branch  outputs,  employment  or  investment  would 
sum  to  their  respective  all-industry  totals.  Also,  as  the  projection  horizon 
was  extended,  the  relative  shares  of  certain  categories  in  GNP,  whether  examined 
from  sector-of-orlgin,  end-use  or  income  sides,  took  on  values  that  became  less 
and  less  plausible.  Some  of  these  tendencies  could  be  compensated  for  by 
the  experienced  user.  But,  in  addition,  we  have  designed  ways  which  enforce 
consistencies  and  have  added  them  to  SOVMOD  11  , and  in  hOVMOD  III  have 
provided  for  them  in  a more  extensive  way.  Future  development  in  this  direction 
will  rely  heavily  on  development  of  the  input-output  sector  of  the  SRI-WEFA 
models . 
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Finally,  in  order  to  draw  on  the  knowledge  and  experience  of  a wider 
circle  of  specialists  on  the  Soviet  economy,  we  have  pursued  the  development 
of  model  software  which  enables  an  easy  transfer  of  the  SRI-WEFA  model  to 
other  computer  installations.  SOVMOD  II  has  been  transferred  and  successfully 
run  by  groups  in  Washington,  D.  C.  and  Menlo  Park,  California.  In  the  latter 
case,  this  transfer  was  to  a CDC  computer  system  from  the  IBM  system  in  use 
at  WEFA.  This  required  some  extensive  reprogramming  which  is  now  completed; 
it  will  allow  for  an  easier  transfer  of  the  model  to  other  CDC  installations 
in  the  future.  For  SOVMOD  III  we  have  gone  one  step  further.  We  have  installed 
the  model  on  a system  that  permits  it  to  be  used  on  a time-sharing  basis 
through  an  interactive  terminal.  In  the  future,  a user  will  be  able  to  access 
the  model  through  the  telephone  lines. 

B . Consequences  of  the  1975  Grain  Harvest  (December  1975^^ 

In  this  application  study,  we  constructed  a control  solution  for  1973-76 
and  then  evaluated  the  macroeconomic  response  to  harvest  failure  which  was 
estimated  in  SOVMOD  II.  Alternative  scenarios  for  1975  grain  harvests  of 
160,  150  and  140  million  metric  tons  (MMT)  were  evaluated.  Finally,  the  impli- 
cations of  a harvest  failure  of  such  magnitude  were  assessed  in  examining 
Soviet  attitudes  toward  the  US/USSR  grain  agreement. 

1 . A Control  Solution,  1973-76 

The  objective  of  a "control  solution"  is  to  indicate  the  probable 
course  of  the  Soviet  economy  if  conditions  had  been  "normal."  In  SOVMOD  II, 
normality  in  Soviet  agriculture  is  defined  by  mean  values  of  the  weather 
variables  (spring-summer  precipitation  and  winter  temperature).  There 


Donald  W.  Green,  "The  1975  Soviet  Grain  Harvest,  the  Tenth  Five- 
Year  Plan  and  the  U.S./USSR  Grain  Agreement,"  published  in  United  Statcs- 
Soviet  Grain  Agreement.  S.  2492  and  Other  Matters.  U.S.  Senate  Hearings, 
Subcommittee  on  International  Finance  of  the  Committee  on  Banking,  Housing 
and  Urban  Affairs,  9-10  December  1975  (U.S.  GPO,  Washington,  D.C.,  1976). 
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;iri‘  Lwo  sLiiRes  In  the  determination  of  such  a control  solution.  First,  pro- 
jections are  nuide  for  the  exogenous  variables  In  the  model  on  the  basis  of 
specific  information  and  the  extrapolation  of  recent  trends.  Second,  the 
path  of  the  economy  generated  by  the  model  from  those  projections  of  exogenous 
variables  is  then  examined  and  adjusted  to  conform  with  more  recent  data  and 
the  judgments  of  specialists  on  the  Soviet  economy. 

Tlie  major  features  of  that  control  solution  for  1973-76  are 
presented  in  Table  2-2  column  (2).  Under  normal  weather  assumptions,  we 
projected  a 1975  harvest  of  approximately  206  MMT  followed  by  a 1976  harvest 
of  218  MMT.  Moderate  growth  in  GNP  of  4.3  percent  in  1975  was  to  be  followed 
by  5.6  percent  growth  in  1976.  Industry  was  projected  to  grow  at  6.5  percent 
In  both  years  with  light  industry  growing  at  a much  lower  rate.  The  rate  of 
growth  of  consumption  was  projected  to  rise  from  1975  to  1976  with  the  declining 
growth  rate  of  capital  investment.  Exports  and  imports  were  projected  to  grow 
in  1975  by  approximately  15  percent  in  nominal  terms  with  Increasing  Soviet 
trade  deficits  with  the  CMEA  and  the  Developed  West  appearing  in  1976.  Soviet 
liquidity  in  hard  currency  was  projected  to  fall  from  its  relatively  high  level 
in  1974  because  of  trade  deficits  and  the  decline  in  world  gold  prices. 


2 . Administrative  Harvest  Response  In  the  Soviet  Economy 

In  estimating  a macroeconometric  model  of  the  Soviet  Union,  we  found 
that  distinctive  administrative  response  patterns  could  be  interpreted  as 
reactions  to  the  state  of  the  harvest.  In  quantifying  such  response  patterns 
there  was  considerable  evidence  available  given  the  major  harvest  failure 
in  1963  and  lesser  setbacks  in  1960,  1965,  1969,  and  1972.  It  is  clear  that  1975 
represents  a harvest  disaster  comparable  to  the  1963  experience. 

To  understand  the  necessity  for  Soviet  administrative  response  to 
harvest  fluctuations,  we  shall  first  consider  the  major  consequences  of  a 
harvest  failure.  To  begin,  the  agricultural  sector  accounts  for  a higher  pro- 
portion of  national  product  in  the  Soviet  Union  than  in  Western  industrialized 
economies.  This  observation  is  reinforced  by  noting  that  over  50  percent  of  real 
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tumschold  expenditure  is  for  food  in  the  USSR.  A shortage  in  grain.  If  suf- 
ficiently severe,  may  necessitate  reductions  In  livestock  feed  or  processed  flour. 
Furthermore,  if  the  poor  harvest  extends  to  industrial  crops  there  will  be  derived 
shortages  of  other  consumer  goods  produced.  If  the  Annual  Plan  is  maintained, 
such  shortages  in  food  and  consumer  goods  will  generate  a disequilibrium  between 
money  incomes  and  wage-good  supply  at  fixed  prices.  Whether  prices  are  raised 
or  not,  such  a disequilibrium  on  the  wage  goods  market  will  lower  the  effective 
re.'i  1 wage  for  employees. 

To  lessen  the  disincentive  effects  and  worker  unrest,  we  have  found 
that  the  Soviet  administration  departs  from  the  Annual  Plan  when  a harvest  crisis 
appears.  The  principal  responses  to  a deficient  harvest  which  were  identified 
and  specified  in  SOVMOI)  II  are  the  following: 

• A reduction  in  the  rate  of  growth  of  Investment,  particularly 
in  agriculture,  light  Industry,  the  construction  sector,  and 
the  services  category: 

• An  increased  slaughter  rate  for  productive  livestock  with 
short  run  increases  in  meal  supplies; 

• An  increase  in  t lie  production  of  consumer  durables  In  the 
niachi  ne-bn  i 1 d i ng  l)ranch;  and 

• A compensatory  effort  In  agriculture  during  the  following  year, 
through  increases  in  labor  participation,  investment  and  material 
suppl les . 

A given  harvest  deviation,  measured  as  a proportion  of  peak  production,  will 
have  a specific  quantitative  impact  on  tiiese  other  variables  of  the  macromodel. 

The  reduction  in  capital  investment  restrains  the  growth  of  money  incomes 
without  restricting  the  supply  of  wage  goods  in  the  short  run;  tiiis  helps 
to  reduce  excess  demand  observed  on  the  wage  goods  market.  Increased  supplies 
of  m(>at  also  help  to  ease  the  shortrun  monetary  disequilibrium.  Both  of 
these  two  responses,  however,  lower  the  longnm  supplv  of  wage  goods  and 
serve  primarily  to  ilislribulo.  the  shortages  more  smootlily  over  time.  Ihe 


21 


reduction  in  capital  Investment  enables  the  machine-building  branch  to  aug- 
ment its  production  of  consumer  durables  which  absorbs  additional  money  Income 
of  households  in  the  shortrun. 

^ . Consequences  of  the  1975  Grain  Harvest:  Alternative  Scenarios 

Given  the  uncertainty  (at  the  time  of  this  study)  concerning  the 
actual  level  of  the  1975  Soviet  grain  harvest,  we  decided  to  compute  alternative 
scenarios  for  160,  150  and  140  MMX.  These  three  scenarios  share 
common  assumptions  for  the  State  Budget  in  1976  (the  actual  Budget  figures 
published  in  Pravda  which  represent  a partial  response  to  the  harvest  crises), 
grain  Imports  from  the  Developed  West,  and  Soviet  financing  of  those  imports 
with  credit  drawings  and  gold  sales.  These  assumptions  are  indicated  in  Table 
2-1  along  with  the  1975  adjustments  to  grain  output  and  gross  agricultural 
output  to  define  the  three  scenarios.  Our  projection  for  grain  imports  is 
based  upon  an  estimate  of  25  MMT  imported  in  1975-76  at  an  average  price  of 
$160  per  riietrlc  ton. 

Several  comments  should  be  made  concerning  the  measures  of  grain 
output  and  agricultural  production.  In  SOVMOD  11,  we  used  a Western  adjusted 
output  series  for  Soviet  grain  production  rather  than  the  Official  index.  For 
the  period  1973-76,  we  have  used  an  adjustment  parameter  of  0.65  to  convert  the 
Official  measure  into  the  Diamond  measure.^  Furthermore,  the  impact  of  the 
grain  harvest  on  total  agricultural  output  (also  a Western  measure)  is  based 
upon  the  observed  percentage  decline  in  1972.  The  ratio  of  the  percentage 
declines  in  grain  output  to  gross  agricultural  output  for  that  year  (0.59) 
was  applied  to  1975.  This  assumes  that  the  composition  of  crops  sown  and  the 
pattern  of  weather  Impacts  on  crop  yields  were  approximately  equal  in  those 
two  years. 


' The  grain  scries  used  in  the  model  1s  total  grain  net  of  seed.  The  adjusted 
series  for  grain  output  and  agricultural  product  ion  are  presented  in  D.B. 
Diamond  anil  C.B.  Krueger,  "Kecent  Developments  in  Output  and  Productivity 
in  Soviet  Agriculture,"  in  Joint  Economic  Committee  (U.S.  Congress), 

Soviet  Economic  Prospects  for  the  Seventies  (U.S.  GPO,  Washington,  D.C., 
1973  ) . 
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TABLE  II-l 

DEFINITIONS  FOR  HARVEST  SCENARIOS 


I New  Assumptions  for  All  Scenarios  (Control  Assumptions  In  Parentheses . ) 

, - _____ 


Descriptions  (Units) 

1975 

1976 

Financing  of  Centralized  Investment 
(bllliiin  rurrenl  rubles) 

85.4* 

(85.4) 

88.3 

(91.4) 

Financing  of  Transport /(x5inmunlcat ions 
(billion  current  rubles) 

18.8* 

(18.8) 

19.6* 

(19.8) 

Financing  of  Agriculture 
(billion  current  rubles) 

37.1* 

(37.1) 

37.2 

(40.8) 

Official  Defense  Expenditure 
(billion  current  rubles) 

17.4 

(17.4) 

17.4 

(18.0) 

Nonpersonnel  Defense  Expenditure 
(billion  current  rubles) 

12.8 

(12.8) 

12.8 

(13.1) 

Grain  Exports  from  Developed  West 
(million  current  dollars) 

1500. 

(200.) 

2500. 

(200.) 

Hard  Ojrrency  Credit  Drawings 
(million  current  dollars) 

1 500. 
(1000. ) 

2000. 

(1000. 

) 

Gold  Sales 

(million  current  dollars) 

500. 

(300.) 

700. 

• (300.) 

*Actual  Data 

Adjusted  Harvest  Levels  for  1975 

Variables 

Control 

Scenarios 
160'  ■ 150 

140 

Grain  Ivarvest,  official 
(M.  metric  tons) 

206. 

160. 

150. 

140. 

Grain  harvest.  Western  estimate 
(M.  metric  tons) 

135.  3 

105.2 

98.1 

91.1 

Gross  agricultural  production 

71.0 

66.3 

63.9 

61.3 

(B.  1965  rubles) 

k. 


23 


t 


D- 


7 

i 

s 


1 1 


I 


In  Table  II-2  we  have  presented  a summary  of  results  for  the  control 

solution,  the  140  scenario,  and  the  other  two  scenarios  with  a slightly  better 

harvest  for  1975.  The  major  Impacts  of  the  140  MMT  harvest  in  1975  may  be 
summarized  as  follows: 

• A reduction  in  the  growth  rate  of  real  GNP  in  1975  from  4.3  to 
2.0%,  and  a loss  of  over  15%  of  the  projected  increment  in  GNP  from 
1974  to  1976 

• A reduction  in  the  growth  rate  for  Soviet  industry  in  1976  from 
6.5  to  4.0% 

• A reduction  in  the  growth  rate  of  capital  investment  by  2 percentage 

points  in  1975  (6.1%  to  4.1%)  and  by  over  1 percentage  point  in  1976 

(5.4  to  4.5%) 

• A reduction  in  the  growth  rate  of  total  consumption  by  1.8  percentage 
points  in  1975,  and  by  about  1 percentage  point  over  the  two  years 
1975-76 

• A reduction  in  the  projected  annual  growth  rate  of  nominal 
machinery  imports  from  the  Developed  West  from  over  20%  to  12%  during 
1975-76 

• An  increase  in  the  Soviet  trade  deficit  with  the  Developed  West  by 
$1.5  billion  for  the  period  1975-76. 

These  projections  are  not  mucli  different  from  what  the  Soviet  leadership  itself 
is  anticipating  for  1975-76.  The  speech  by  Baybakov  on  tlie  Annual  Plan  for 
1976  indicates  GOSPLAN's  projections  as  follows:^ 

• Growth  rate  of  national  Income  to  be  4%  in  1975  and  5.4%  in  1976 

• Growth  rate  of  Industry  to  be  7.5%  in  1975  and  4.3%  in  1976  (4.9% 
in  heavy  Industry  and  2.7%  in  light  Industry). 


Speech  by  the  Chairman  of  N.K.  Baybakov,  "0  gosudarstveniiom  plane  razvitiya 
narodnogo  khozyastva  SSSK  na  1976  god,"  Pravda , pp.  1-3  (3  December  1975). 
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Net  exports  to  Developed  West  1974  502.  502.  502.  502. 

(N.  cur.  $)  1975  -231.  -1176.  -1177.  -1177. 

1976  -975.  -1610.  -1643.  -1675. 


The  major  difference  between  our  projection  and  GOSPIj^N's  is  in  the  1976  growth 
rate  for  light  industry  where  SOVMOD  II  actually  projects  a decline  of  l-V^X 
compared  with  GOSPLAN's  indication  of  a 2.7%  Increase.  If  GOSPLAN's  target 
is  fulfilled,  that  would  indicate  a substantial  state  intervention  on  be- 
half of  the  Soviet  consumer  using  SOVMOD  II  as  a standard  of  average  past 
responses . 

The  two  consequences  of  the  1975  harvest  which  are  most  significant  for 
Soviet  longrun  growth  are  the  reduction  in  new  capital  investment  and  the 
reduction  in  machinery  imports  from  the  Developed  West.  The  differences  in 
capital  investment  between  the  control  solution  and  the  lAO  MMT  Harvest  Scenario 
arc  indicated  in  Table  11-3;  they  are  a consequence  of  the  harvest  crisis,  the 
reduction  in  the  financing  of  centralized  investment,  and  the  lower  Official 
Budget  for  defense. 

4 . Conclusion:  The  U.S./USSR  Grain  Agreement  of  1975 

The  1975  grain  harvest  clearly  called  into  question  the  10-year 
program  associated  personally  with  Chairman  Brezhnev,  a program  which  we 
have  previously  labeled  "Project  Independence  a la  Russe."  The  objective 
of  this  program  was  to  establish  Soviet  Independence  of  Western  agriculture 
as  well  as  to  Increase  the  annual  per  capita  consumption  of  meat  in  the  Russian 
diet.  In  contrast  to  the  earlier  "Virgin  Lands  Campaign"  of  the  1950s,  the 
essential  strategy  of  the  Brezhnev  program  was  to  increase  agricultural  output 
through  mechanization,  tiie  application  of  additional  capital  to  existing 
acreage  and  manpower.  Given  the  severe  problem  of  weather  faced  by  the  USSR, 
mechanization  was  intended  to  raise  the  expected  level  of  agricultural  output 
and  to  reduce  its  variation.  Weather  plays  a crucial  role  in  determining 
Soviet  agricultural  output,  not  only  because  of  its  Impact  on  biological  yields 
but  also  because  of  Soviet  organizational  difficulties  in  providing  labor 
and  equipment  to  various  regions  when  the  harvest  must  be  gathered  in  a short 
period.  Problems  with  capital  maintenance  and  spare  parts,  inadequate  rural 
transportation,  and  the  inefficiency  of  urban  workers  and  students  in  seasonal 
agr icultviral  work  all  contribute  to  Soviet  vulnerability  to  the  weather. 
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Alternatives  to  the  past  Brezhnev  approach  which  have  been  siif.fcsted 
are  not  very  attractive  to  Soviet  leaders.  First,  tliere  is  tlie  expansion  ol 
northern  acreage  for  hard  grains;  yields  there  are  not  high  but  are  less 
uncertain.  The  problem  with  the  reclamation  of  northern  acreage  is  the  high 
cost  and  therefore  the  necessity  for  sacrifices  elsewhere.  Second,  there  is 
the  alternative  of  organizational  reform  in  Soviet  agriculture,  a policy  which 
would  meet  substantial  resistance  from  the  State  and  Party  bureaucracies. 

This  would  Involve  perhaps  changes  in  the  scale  of  farms,  the  reduction  of 
administrative  regulations  over  crop  compositions  and  scheduling,  or  the 
establishment  of  wholesale  markets  for  agricultural  products  and  inputs. 

Third,  there  is  the  prospect  of  a reduction  in  economic  aspirations,  an  ac- 
ceptance of  the  constraint  which  deficient  growth  in  agriculture  poses  for  a 
system  committed  to  rising  living  standards.  Finally,  there  is  the  pos- 
sibility of  allowing  greater  shortrun  dependency  on  Western  grain  supplies, 
a policy  with  undesirable  economic,  and  political  consequences  for  Soviet 
leaders.  The  eventual  policy  adopted  may  actually  be  a combination  of  all 
four  alternatives. 

If  the  10th  FYP  is  evidence  for  the  reduction  of  aspirations, 
then  the  U . S . /USSR  grain  agreement  signed  in  September  1975  indicates  the 
possible  Soviet  acceptance  of  a long-term  interrelationship  with  the  U.S. 
economy.  This  agreement  commits  the  two  nations  to  an  expected  annual 
transaction  of  b-B  million  metric  tons  of  grain  for  the  perioil  1976-80. 

The  minimum  is  rather  rigid  except  during  a severe  harvest  in  the  U.S.  while 
the  maximum  is  less  rigid  since  it  calls  only  for  consultation  for  Soviet 
purchases  in  excess  of  8 million  metric  tons.  The  U.S.  stands  to  benefit 
from  this  agreement,  but  the  advantages  to  the  USSR  are  also  clear. 

The  requirement  of  6 million  metric  tons  to  be  purchased  each  year  by  the 
Soviet  Union  will  contribute  to  high,  stable  demand  in  the  U.S.  grain  market. 
But  according  to  the  model,  this  does  not  represent  a burden  to  the  Soviets.  K 
assuming  "normal"  weather  through  1980,  the  model  has  projected  desired 
Soviet  Imports  of  Western  grain  of  5-10  million  metric  tons  for  each  year. 
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Ovprall,  the  agreement  adds  to  Soviet  economic  options  In  dealing  with  its 

agricultural  problem.  Politically,  however,  it  does  represent  a compromise 
with  the  longstanding  Soviet  principle  of  economic  independence  and,  in  this 
regard,  it  Is  In  consonance  with  the  Kissinger  policy  of  building  a web  of 
interrelatedness  between  the  Soviet  and  U.S.  economies. 

C . Technology  Transfer  to  the  USSR  (March  1976)  ^ 

The  Soviet  Union  is  currently  in  a period  of  rather  intense  importation 
of  advanced  technology  from  the  developed  industrial  countries.  This  is  not 
the  first  time  in  Russian  history  that  such  Importing  of  technology  has  occurred. 
For  it  occurred  in  tsarist  times,  during  the  reign  of  Peter  the  Great  and  later 
in  the  period  of  rapid  Industrialization  of  the  1980s.  And  it  again  occurred 
in  the  Stalinist  forced  draft  industrialization  era  of  the  1930s. 

In  these  past  periods  of  Importation  of  advanced  technology,  the 
Russians  were  able,  within  a compressed  span  of  time,  to  approach  contemporary 
economic  development  levels  In  the  West  and,  to  some  extent,  even  the  levels 
of  contemporary  technology  in  the  West.  Yet  in  the  longer  run,  as  the  advanced 
nations  of  the  West  continued  to  develop  new  technology,  the  Russians  were  not 
able  to  maintain  their  relative  position,  and  they  fell  back. 

Among  tile  Soviet  economic  institutions  which  affect  the  ability  of 
ti.c  economy  to  absorb,  master,  and  create  new  technology  are  the  following: 


Donald  W.  Green  and  Herbert  S.  Levine,  "Implications  of  Technology  Transfers 
for  the  USSR,"  SRI-WF.FA  Working  paper  #42,  March  197(i  (prepared  for  tiie 
NATO  Colloquium,  Spring  1976) 
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• The  managerial  incentive  mechanism  that  has  more  or  less  dominated 
the  Soviet  scene  since  the  1930s.  Innovation  always  Involves  risk.  The 
lompensation  for  risk  is  reduced  by  the  fact  that  success  today  will  mean 

a higher  target  tomorrow,  and  success  in  the  system  requires  the  regular 
meeting  of  targets.  Furthermore,  experimentation  Interferes  with  current 
I'roduction.  Thus,  managers  resist  innovation  and  try  ti)  keep  targets  low. 

There  is  much  discussion  in  the  Soviet  Union  on  how  to  get  around  this 
problem,  but  nothing  very  effective  has  been  introduced  so  far. 

• The  organization  of  research  and  development  (R  and  D) . Con- 
siderable expenditure  is  devoted  to  R and  D in  the  Soviet  Union,  but  to  a 
great  extent  it  is  separated  from  the  production  process,  and  less  at- 
tention is  paid  to  development  than  to  research.  As  a result,  while  new  tech- 
nology is  generated  and  foreign  research  studied,  the  implementation  and  dif- 
fusion of  such  technologies  are  limited.  One  of  the  reforms  currently 
underway,  the  creation  of  largo  "scientific  production  associations,"  offers 
tlie  promise  of  bringing  the  Soviet  organizational  relationship  between 
research,  development,  and  production  more  into  line  with  the  pattern 
dominant  in  the  West. 

• The  technology  transfer  process  is  primarily  a people-process. 
Technology  Is  best  transferred  from  firm  to  firm  and  from  country  to  country 
by  people  (managers,  engineers,  sales  engineers,  etc.)  rather  tlian  by  publica- 
tions (including  blueprints)  or  products  themselves.  in  the  postwar  period, 
the  Soviets  have  concentrated  on  the  latter  approaches  while  making  minimal 
use  of  the  former.  Currently,  however,  they  appear  to  be  paying  more  attention 
to  t)ie  people  part  of  the  pro<  ess. 
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riu‘  t'li'menls  il  I HiiiHHctl  fio  for  have  rolalial  to  Sovlf*t  liint  Itiirlons  and 
practices,  but  the  Russians  under  the  tsars  also  had  trouble  mastering  modern 
technology  and  maintaining  its  dynamic  change.  What  common  elements  in  the 
pre  and  post-revolutionary  Russian  scene  may  explain  these  common  difficulties? 

• The  creative  destruction  aspect  of  technical  change — that 
is,  when  something  new  is  done  and  it  is  successful,  the  old  is  destroyed. 

In  a politicized,  bureaucratic  economy,  as  was  the  case  under  both  tsars  and 
bolsheviks,  those  who  operate  existing  activities  and  technologies  are  much 
better  able  to  protect  themselves  against  the  threat  of  new  activities  and 
technologies . 


• The  absence  of  a threat  of  bankruptcy  in  the  noncompetitive 
Soviet  economy  has  an  impact  because,  while  the  innovational  process  responds 
in  a positive  way  to  high  rewards  for  successful  innovational.  it  also  responds 
to  the  fear  of  being  driven  out  of  business  by  dynamic  competitors.  The 
latter  may  be  more  significant  than  the  former,  especially  in  regard  to  the 
diffusion  of  new  technology. 


I 

I 
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• The  Soviets  have  primarily  Imported  foreign  technology  for 
domestic  purposes  rather  than  for  exports  which  would  have  to  be  internationally 
c-ompet itive.  Thus,  once  the  new  technology  was  in  place,  there  was  no 
pres.sure  on  those  using  it  to  keep  it  up  to  changing  foreign  levels,  and  the 
technology  languished. 


Even  though  the  Russians  may  have  been  deficient  in  the  way  they 
have  borrowed  and  maintained  foreign  technology,  both  Western  observers  and 
current  Soviet  policymakers  appear  convinced  that  foreign  technology  has  con- 
tributed to  Soviet  industrial  growth.  However,  the  quantitative  significance 
of  the  technology  transfer  remains  a major  unanswered  question. 

I 
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During  the  construction  of  the  SRl-WI’FA  Econometric  Model  of  the 
Soviet  Union,  a new  methodology  was  developed  for  evaluating  the  quantitative 
Impact  of  Imported  machinery  on  Soviet  industrial  production  which  to  a 
certain  extent  provides  a measure  of  the  gains  from  technology  transfer.^  The 
incorporation  of  this  feature  within  the  complete  macroeconometrlc  model 
provides  a framework  For  evaluating  the  direct  and  Indirect  benefits  of 
Soviet  machinery  Imports  througli  counter  factual  scenarios  in  the  past  and 
conditional  projections  Into  the  future. 

In  an  attempt  to  quantify  the  gains  from  technology  transfer, 
there  are  clear  advantages  to  focussing  on  imported  machinery  and  equipment. 
Machines  Imported  from  nations  more  technologically  advanced  can  shift  a 
domestic  production  function  upward  In  three  different  ways: 

(1)  directly  through  higher  productivity  in  domestic  production; 

(2)  indirectly  through  use  in  the  production  of  more  efficient 
domestic  machinery;  or 

(3)  even  more  indirectly  througVi  the  transmission  of  information 
which  results  in  a higher  domestic  level  of  technology. 

In  order  to  estimate  the  contribution  of  Imported  machinery  to 
Soviet  industrial  production,  we  first  construct  a measure  of  foreign  capital 
from  Soviet  import  data,  and  use  that  measure  to  disaggregate  the  capital 
stock  Into  foreign  and  domestic  categories.  Production  functions  are  then 
estimated  with  three  factors  of  production:  labor,  foreign  capital  and 

domestic  capital.  We  assume  that  each  imported  machine  carries  potential 
information  which  may  raise  the  level  of  Soviet  technology.  Given  a con- 
stant expenditure  of  internalization  effort  (analysis  and  diffusion)  per  unit 
of  Imported  machinery,  the  level  of  domestic  technique  will  depend  upon 
current  and  past  levels  of  machinery  imports.  When  one  estimates  the 
"contribution"  to  output  of  the  marginal  foreign  machine,  there  are  two 
components  to  the  marginal  productivity:  one,  a direct  measure  of  pro- 
duct ivitv,  and  two,  its  contribution  to  the  productivity  of  domestically 
prodiici-d  machinery.  If  this  "learning"  component  is  significant  then  wc 
oug.lit  to  1 1 ml  t lie  marginal  productivity  of  foreign  capital  estimated  in  a 
production  function  to  be  higher  than  what  one  might  judge  reasonable  for 


1 

This  methodology  was  introduced  in  Donald  W.  Green  and  Marc  Jarsulic, 
"Imported  Machine^  and  Soviet  Industrial  Production:  An  Econometric 

Approach,  SRI-WEFA  Working  Paper  //39  (December  1974). 
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direct  productivity  relative  to  domestic  capital,  and  that  is  exactly  what 
our  preliminary  econometric  results  suggest  (see  Table  11-4) . Howevc  , 
these  data  do  not  take  into  account  additional  costs  to  the  use  of  foreign 
machinery  (see  discussion  below) . 

As  in  other  components  of  the  Soviet  macrf)model  , we  have  sought  to 
specify  tlie  p.ittern  of  bureaucratic  regularity  (rule  of  thumb),  identify 
i-ont  ingenc  ies  to  whicli  sucli  bureaucratic  rules  must  respond,  and  clarify 
where  possible  the  role  of  administrative  intervention  in  shifting  the 
rule  from  epoch  to  epoch.  The  "rule  of  thumb"  in  this  hypothesis  is  that 
real  foreign  machinery  is  allocated  proportionately  to  the  allocation  of 
domestic  Investment  over  time  within  any  given  category  of  investment. 

Over  the  sample  period  1961-73,  the  observed  import/investment  ratio 
shifted  upward  in  the  late  1960s  with  shortrun  variations  "explained"  in 
part  by  the  liquidity  measure.  The  retardation  in  real  machinery  imports 
during  the  mid-1960s  was  due  first  to  the  restriction  in  Industrial  invest- 
ment and  second  to  the  decline  in  Soviet  hard  currency  liquidity  after  the 
1963  harvest  failure. 

How  miglit  Soviet  devi-lopment  have  bet-n  different  had  those  shifts 
in  Soviet  machinery  demand  not  taken  place?  By  retrospectively  repealing 
"detente"  consequences  for  East-West  trade,  we  obtained  measurement  of 
Soviet  gains  from  machinery  Imports  holding  the  historical  environment  constant 
financing  of  Investment,  defense  expenditure,  weather,  the  world  economy,  etc. 

In  scenario  analysis,  we  first  construct  a control  solution  as  a 
standard  of  reference  for  counterfactual  experiments.  For  our  control 
solution,  we  solved  the  model  dynamic.ill y from  1968  to  1973  using  actual 
historical  values  for  all  variables  In  the  period  of  solution.  Once  the 
control  solution  was  determined , a No-Detente  scenario  was  computed.  We 
adjusted  only  the  machinery  Import  component  of  the  model.  Industrial  Invest- 
miMit  ami  capital  lormation  wc-re  unchanged;  the  fore  ign/domesLlc  composition 
of  liulustriai  capit.il  stock  does  change  with  <onsequeiices  for  industrial 
p)  action.  The  decline  in  Soviet  imports  results  in  an  increase  in 
Soviet  hard  currency  liquidity  which  acts  to  boost  machinery  imports  in  the 
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following  year.  The  hard  currency  liquidity  gain  also  lessens  next  year's 
exports  to  the  Developed  West  which  in  turn  lowers  the  liquidity  position 
in  the  year  after  that.  The  sliift  in  capital  composition  also  generates 
another  systemic  process  through  the  employment  loop.  A reduction  in  the 
growth  of  average  labor  productivity  in  Industry  lowers  the  growth  of  the 
real  Industrial  wage.  This  reduces  subsequent  growth  in  industrial  employ- 
ment through  participation  effects  and,  with  a longer  lag,  through  a rural/ 
urban  migration  effect. 

In  comparing  our  Scenario  with  Control,  we  may  observe  the  full 
system  impacts  of  the  detente  effect  on  Soviet  machinery  imports.  Table  11-5 
presents  several  measures  which  indicate  the  magnitude  of  this  detente 
effect.  The  model  suggests  that  the  growth  of  industrial  production  from  1968 
to  1973  would  have  been  only  28.4%  without  those  additional  imports  of 
Western  machinery,  l.e.,  approximately  15%  of  the  growth  in  the  control 
solution  (33.7%)  would  have  been  foregone. 

The  situation  of  the  Soviet  economy  in  the  mid-1970s  is  somewhat 
different  from  that  of  the  mid-1960s,  in  part  because  of  the  substantial 
imports  of  Western  machinery  during  the  period  1968-74.  To  increase  our 
understanding  of  the  quantitative  contribution  of  technology  transfer,  pro- 
jective scenarios  with  10  percent  upward  and  downward  shifts  in  Soviet  demand 
for  foregln  machinery  were  constructed.  For  projective  analysis,  the  de- 
rivation of  a control  solution  is  considerably  more  difficult  than  for 
retrospective  analysis  because  of  uncertainty  concerning  the  paths  of  exogenous 
variables.  For  these  scenario  exercises,  a control  solution  was  prepared 
for  an  extended  analysis  of  the  Tenth  Five  Year  Plan. 

Around  this  control  path,  two  scenarios  were  constructed  by  shifting 
Soviet  demand  functions  for  foreign  machinery.  in  Scenario  A,  all  features 
of  Liic  control  solution  are  maintained  except  that  the  i-onstant  teim  in 
each  machinery  demand  function  is  Increased  by  10  percent.  In  Scimario  B, 
those  terms  are  reduced  by  10  percent.  Consequently,  dynamic  multipliers 
in  both  directions  for  Imported  machinery  could  be  calculated.  The  bro-.d 
features  of  these  scenarios  are  presented  in  Table  11-6.  Two  important 


TABLE  I 1-3 


INVESTMENT  CONSEQUENCES  OF  THE  1975  HARVEST 
Units  = Billion  Rubles 


Sector 

140  Scenario  less  Control 
1975  1976 

Percentage  of 
Total  Impact 
1975-76 

Agriculture 

-0.99 

-1.65 

50.6 

Industry 

-0,31 

1 

o 

15,7 

Construction 

-0.25 

-0.28 

10.1 

Transport/ communications 

0. 

0,06 

-1.1 

Housing 

C 

0.02 

-0.4 

Services  and  trade 

-0.49 

-0.82 

25.1 

Total 

-2.04 

-3.18 

100.0 

Note : 

The  major  impact  project(.‘<l 

is  on  the  agricultural  sector  (50%  of  the  5.2  billion 

ruble  reduct  Ion)  and  the  second  largest  impact  is  on  the  category  of  services 

and  trade  (25Z), 
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TABLE  I 1-4 


ESTIMATION  RESULTS:  RATIO  OF  MARGINAL  PRODUCTS 


Cat  ego  r V 

Western  or 
Total  Imports 

Ratio  of 
MPs  ^ 

Aggregate  Industry 

Western 

15.2 

Chemicals  and 

V'Jestern 

17.9 

[jetrochemi  cals 

Maclilm'-huilding  and 

Total 

7.4 

metalworking 

Petroleum  products 

Total 

5.7 

Ratio  ot  marginal  product  of  foreign  machinery  to  marginal  product  of 
domestic  machinery. 
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TABLE  II-5 


THE  IMI’ACT  OF  DETENTE: 

MAIN  INDICATORS 

Detente 

No  Detenti 

Control 

Scenario 

Indicator 

Percentage  Growth 

, 1968-73 

Gross  national  product 

10.3  % 

27.7  % 

Industrial  production 

33.7 

28.4 

C.icmtcals  & petrochemicals 

33.9 

26.6 

Machine- building 

42.6 

40.8 

Foreign  trade  turnover 

57.9 

52.9 

Aggregate  consumption 

26.0 

21.9 

Valued  in 

1973 

Imported  Western  machinery 
(billion  1955  rubles) 

10.14 

8.27 

Hard  currency  reserves 
(million  current  $) 

-318. 

878. 
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iilisovv.nt  Ions  derive  frori  these  experiments.  First,  the  imilT'ip]  lers  for 
Western  machinery  are  lower  for  the  USSR  In  the  1970s  than  they  were  at 
the  end  of  the  1960s,  though  they  are  still  large.  With-  the  more  rapid 
accumulation  of  Western  machinery  relative  to  domestic  Capital  in  the  period 
of  detente,  the  ratio  of  marginal  products  has  declinecf  from  the  sample- 
period  level.  Second,  and  for  similar  reasons,  the  multiplier  downwards 
is  greater  than  the  multiplier  upwards. 

There  appears  to  be  an  apparent  contradiction  between  the 
qualitative  Impression  of  Soviet  difficulties  with  the  absorption  of  ad- 
vanced technology  at  the  microeconomic  level  and  the  quantitative  estimates 
of  the  Impact  of  Imported  Western  machinery  at  the  macroeconomic  level , 
derived  from  the  SRI-WEFA  Soviet  econometric  model.  The  results  appear  to 
show  a greater  payoff  to  the  importation  of  foreign  technology  than  might 
have  been  assumed  from  the  qualitative-analytical  and  anecdotal  literature 
(both  Western  and  Soviet)  on  the  Soviet  economy. 

A number  of  methodological  problems  in  calculating  Soviet  gains 
from  technology  transfers  come  Into  focus  when  the  process  of  technology 
transfer  is  considered  more  carefully.  One  of  the  major  ones  is  omitted 
costs.  In  this  study  the  reported  Soviet  expenditure  on  imports  of  Western 
machinery  Is  related  to  the  derived  increments  of  industrial  output.  How- 
ever, the  process  of  technology  transfer  Involves  additional  expenditures 
of  domestic  resources  (particularly  skilled  manpower)  as  well  as  supple- 
mentary payments  for  technical  assistance  from  abroad.  Unfortunately , 
these  expenditures  at  the  aggregate  level,  at  least  those  involving  domestic 
resources  cannot  be  observed.  If  one  were  to  adopt  the  common  "rule  of 
thumb"  of  three  rubles  internal  expemilture  lor  eacli  ruble  of  exti-rnal 
expenditure,  the  Impact  multipliers  would  be  reduced  by  a factor  of  four-- 
from  12-15  to  3-4.  This  issue  bears  particularly  on  the  "reasonableness" 
of  the  No-Detente  scenario.  One  would  expect  that  a reduction  in  the  scale 
of  Imports  would  release  domestic  technology  "transfer"  resources  to  the 
factory  floor,  with  a copsequenc  Increase  in  production  from  the  scenario  path. 
However,  In  principle  at  least,  this  potential  reallocation  of  factors  within 

aggregate  Industry  should  already  be  taken  Into  account  by  the  econometric 


estimation  over  the  sample  period. 
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TABLE  I I -6 


CONTROL  SOLUTION 

AND  DEMAND- SHI  FT 

SCENARIOS,  1973-80 

Scenario  B 

Coiit  ro  1 

Scenario  A 

I lul  iiMtor 

10%  Decrease 

So  1 ut ion 

10%  Increase 

1975-80  Growth 

dross  national  product* 

23.5% 

24.0% 

24.6% 

Industrial  product  I out 

39.5  (30.8)% 

40.6  (31.8)% 

41.7  (32.8)% 

Petroleum  products 

42.5  (3h.h)% 

43.4  (37.5)% 

44.4  (38.5)% 

Chemicals  & pet rochem tea  I s 

52.5  (31 , 3)% 

55.0  (33.5)% 

57.4  (35.5)% 

Marhlno  bulldinp. 

53.6  (32.7)% 

54.5  (33.5)% 

55.0  (33.9)% 

1980  Value 

(Billion  1955  Rubles) 

Slock  of  imported  machinery 

AuRrenn 1 1*  innustry 

18.41 

19.57 

20.72 

Petroleum  products 

3.18 

3.37 

3.57 

Chemicals  & petrochemicals 

3.45 

3.67 

3.88 

Machine  huilding 

3.46 

3.66 

3.85 

* FIve-Voar  movinf^  .ivrrago  tnr  1975. 

WcsLorn  samplr  Indoxt's  for  Sovlot  imlii.strial  output,  are  in  parentheses. 
These  Jttewth  project  lous  are  couvcrt  oii  tii  Official  Soviet  statistics 
uslnp,  ahjustmenf  factors  determined  for  l9fif,-70. 
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D . The  Tenth  Five  Year  Plan  ( June  1976)  ‘ 


This  nssf’ssmpnr  of  the  feasibility  of  the  Soviet  10th  FYP  was  the 
result  of  analysis  employing,  SOVMOD  II,  then  the  current  version  of  the 
SRl-WEFA  Econometric  Model  of  the  Soviet  Union.  This  assessment  was  based 
on  the  Basic  Guidelines  for  the  Soviet  economy  for  1976-80,  which  were 
published  In  the  'Soviet  Press  following  their  approval  at  the  25th  Communist 
Party  Congress,^  and  on  projections  of  the  world  economy. 

There  are  many  advantages  in  using  an  econometric  model  for  evaluating 
official  Soviet  Plans.  First,  since  the  model  is  an  interdependent  system 
of  technical  and  behavioral  relations,  the  aru'ilyst  is  able  to  consider 
indirect  effects  as  well  as  direct  effects,  l.e.,  the  total  system  impact, 
in  quantitative  terms.  Second,  since  this  macromodel  is  concerned  with 
income  flows  and  expenditures  throughout  the  Soviet  economy,  one  may 
explore  the  consequences  of  a Plan  in  areas  not  treated  extensively  in 
the.  published  document.  For  example,  we  will  consider  the  consequences 
of  the  Plan  for  household  income  and  consumption,  the  State  budget,  controlled 
and  market  prices,  the  composition  of  foreign  trade,  and  the  Soviet  balance 
of  pavments.  Third,  the  establishment  of  the  model  with  supporting  software 
allows  the  analyst  to  construct  a variety  of  alternative  projections,  encompassing 
total  system  effects,  based  upon  variations  In  Soviet  policy,  the  world 
economy,  and  the  wcatlier. 


' See  Donald  W.  Green,  Gene  D.  Guill,  Herbert  S.  Levine,  Peter  Movie,  "An 
Evaluation  of  the  lOtli  Five  Year  Plan  Using  tlie  SRI-WLFA  Econometric  Model 
of  the  Soviet  Union,"  SRi-WF.F.A  Working  Paper  #47,  .fuly  1976  (to  be  published 
in:  Joint  Economic  Committee,  Soviet  F.conomy  in  a New  Perspective.  GPO,  1976). 

^ Son  Pravda  (9  March  1976  ) 
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Overv i ow 


A ri'ilui  l ion  cif  ,isi)ir.ii  Lons  was  signaled  firsL  by  the  Plan  and 
^l.ile  liiulgeL  tor  publislu'd  two  weeks  before  Llie  initial  draft  of  the 

Basic  Ciiidi'l  incR  for  the  lent  li  five  Year  Plan  in  December  1 976.  Tlte  N'intii 
Five  Year  Plan  had  been  signil icantly  under full liled  and  tlie  growth  rates 
foreseen  for  the  Tenth  Five  Year  Plan  were  less  ambitious  and  in  line  with 
actual  experience  under  the  Ninth  Plan.  Two  bad  harvests,  in  1972  and  1975, 
were  major  factors  In  the  under fiilf i 1 Iment , but  it  is  clear  that  the  gains 
in  productivity  that  had  been  anticipated  in  the  Ninth  Plan  were  unrealistic. 
Only  the  target  for  the  growth  of  foreign  trade  had  been  overfulfilled — 
linked,  in  part,  to  Soviet  concern  with  lagging  productivity. 

The  stress  in  tlie  fentii  Five  Year  Plan  is  on  improvement  of  the 
efficiency  of  prodiution.  The  diminishing  rate  of  growth  of  the  labor  supply 
and  the  diminishing  effectiveness  of  capital  investment  in  increasing  output 
were  implicitly  recognized.  The  Plan  calls  for  industrial  labor  productivity 
to  grow  more  rapidly  than  capital  investment.  Since  no  major  organizational 
changes  in  the  economy  are  anticipated  by  the  Plan,  its  fulfillment  may 
well  depend  on  imports  of  machinery  and  equipment  from  the  Developed  West. 

2.  ConJt_roJ_  Solution  for  the  Soviet  Economy,  1973-30 

The  term  "control  solution"  indicates  that  a judgment  of  conditional 
plausibility  and  internal  consistency  has  been  made  by  the  analyst.  A 
forecast,  on  the  other  band,  discriminates  among  control  solutions  through 
the  study  of  additional  criteria  for  plausibility.  This  control  solution 
hep, ins  In  19V1,  since  values  Itir  some  of  the  variables  in  SOiPiOD  IT  were 
not  available  beyond  1972. 

A comparison  of  the  control  solution  with  the  Basic  Guidelines 
for  the  Tenth  Five  Year  Plan  Indicates  that  aggregate  o itput  targets  for 
industry  and  agriculture  are  feasible.  Plan  projections  for  growth  in  real 
Income  per  capita  and  real  volume  of  fort'ign  trade,  however,  were  not  borne 
out  In  the  control  solution. 
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V 


TABLE  1 1-7 

COMPARISON  OF  THE  TENTH  FIVE  YEAR  PLAN  WITH  IKE 
SOVMOD  II  CONTROL  SOLUTION 

(Percentage  Growth  from  1975  to  1980) 


GNP 

Na  t to na 1 In cowe 

liichistrinl  output 

Industrial  labor  productivity 

Industrial  employment 

Agricultural  output  (5-year  average) 

Real  Income  per  capita 

New  Capital  inveatmcnt  (5-year  total) 

Total  consumption 

Foreign  trade  turnover 


Basic  Guidelines  SOVMOD  II 

Targets  ^ Control  ^ 


— 

24. 

9 

24. 

-28. 

- 

- 

35. 

-39. 

39. 

4 

(30.7) 5 

30. 

-34. 

33. 

8 

(25.4) ^ 

3.8 

4. 

2 

14. 

-17. 

14. 

5 

(12.5) 3 

20. 

-22 

18. 

3 

24. 

-26. 

25. 

0 

— 

24. 

4 

30. 

-35 

23. 

3 

Source:  Pravda  (March  1976) 

2 

Source:  SOVMOD  IT  Control  (5  May  1976) 

Model  projections  converted  to  Soviet  GVO  projections  using  adjustment 
factors  computed  for  1966-70.  The  unadjusted  SOVMOD  II  projections  are 
given  in  parentheses.  The  adjustment  factor  is  a standard  approximation: 
(1.  + g (Official)  / i.  + g (Western),  where  g = rate  of  growth 


41 


TABLE  II-9 


FOREIGN  TRADE  CONSEQUENCES  OF  THE  lOTH  FYP 
Composition  by  Area,  Imports  and  Exports 


Share  of  Total 

Imports 

Share  of  Total 

Exports 

Area 

1973 

1980 

1973 

1980 

CMEA 

0.518 

0.528 

0.464 

0.455 

Other  Socialist 

0.07  2 

0.042 

0.109 

0.077 

Developed  West 

0.294 

0.351 

0.237 

0.345 

LDC 

0.115 

0.078 

0.090 

0.060 

Unspecified 

0.001 

0.001 

0.100 

0.063 

Measures  of  Hard 

Currency  Liquidity^ 

Gold-Import  Ratio  = Value  of  Gold  Reserves  at  Market  Price/Total 

Imports  from  the  Developed  West. 

Debt-Export  Ratio  = Total  Debt  Less  Hard  Currency  Stock/Total 

Exports  to  the  Developed  West. 


Year 

Gold-lmjiort  Ratio 

Debt-Export  Ratio 

1 ')7  1 

1.116 

0.669 

ID/ 4 

1 .f)6  3 

0.489 

1 

0.7  78 

0.896 

)<)76 

0.679 

1.223 

1977 

0.822 

1.013 

1978 

0.741 

0.803 

1970 

0.667 

0.612 

1980 

0.599 

0.442 

1 

The  estimates  of  Soviet  gold  reserves,  hard  currency  reserves  and  indebtedness 
used  in  the  model  were  published  in  d.T.  Farrel,  "Soviet  Payments  Problems  in 
Trade  with  the  West,"  In  Joint  Economic  Committee,  Soviet  Economic  Prospects 
for  the  Seventies  (Washington,  1973). 
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Scraar  in  I,  an  a Lc  o rn.i  L I ve  cons  J dt-r  i nj',  Snvini  in.s  t r i n t i mi  ol 
Imports,  was  motivated  by  tlie  tollowlng  reasoning: 

• unrestricted  Imports  may  be  infeasible  either  because  the 
requiretl  expansion  of  exports  cannot  be  accomplished  or 
because  liard  currency  deficits  incurred  are  unacceptable 
to  the  leadership.  Western  bankers,  or  both; 

• after  the  very  poor  1963  harvest,  the  USSR  faced  a similar 
dllemjna  and  the  scenario  was  based  on  that  type  of  response. 

Thus,  In  Scenario  I,  imports  of  maciiinery  and  raw  materials  from  the  CMEA  and 
tiie  Developed  West  were  reduced  as  well  as  drawings  on  Western  credit.  As 
a result,  Soviet  GNP  growth  over  1976-80  was  reduced  by  2.1%,  industrial 
growth  by  2.5%,  growth  of  real  per  capita  income  by  2.7%,  and  growth  of  total 
consumption  by  3.7%, 

Variation.s  in  weather  conditions  were  examined  in  Scenarios  II-A 
and  IT-B.  In  scenario  il-A, above-normal  weather  conditions,  the  conditions 
of  1966-70,  were  imposed  and  for  Scenario  IT-B,  the  below-normal  weather 
coiiditinn.s  of  19hl-(i5  were  im|)osed.  Normal  weather,  as  assumed  in  the 
control  solution,  was  doflnoci  as  the  sample  mean  for  the  weather  variables 
over  Che  1959-72  period. 

Scenario  IT-A  shows  the  growth  of  GNP  to  be  10.7  billion  rubles 
greater  over  the  five-year  period  due  to  the  above-normal  weather.  Scenario 
Tt-R,  on  the  other  hand,  show  GNP  growth  for  the  Tenth  Five  Year  Plan  re- 
duced by  almost  9 billion  rubles  from  the  control  solution  proiection.  About 
60%  of  the.  weather  impact  falls  on  new  capital  investment;  the  remainder,  on 
inventories  and  residual  end-use  categories.  The  Impact  on  food  consumption 
is  nearly  compensated  l)y  changes  in  the  consumption  of  durables.  Surprisingly, 
industrial  output  growth  is  greater  than  the  control  in  both  Scenario  TI-A 
mil  Il-R.  While-  the  .above -normal  weather  impart  is  to  he  expected,  the 
he  low -IK' rma  I wealh.-r  Increase  In  the  growth  of  industri.al  output  can  he 
rracc'i  to  model  projections  of  populattor  movement  and  nonagri ailtural 
labor  participation. 
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While  targets  for  industrial  growth  at  the  branch  level  also 
appear  feasible,  the  control  solution  again  raises  some  questions.  Because 
the  allocation  of  capital  Investment  among  the  branches  of  Industry  had  not 
been  published.  Investment  was  allocated  by  the  model  on  the  basis  of  historical 
patterns.  A comparison  of  the  plan  and  control  solution  projections  for  light 
industry,  then,  indicates  that  fulfillment  of  the  plan  target  for  that  branch 
would  require  a greater  allocation  of  capital  investment  to  light  industry 
tlian  that  projected  by  the  model.  On  the  other  hand,  the  modest  target  for 
the  petroleum  Industry  in  the  plan  may  indicate  the  restriction  of  growtli 
of  investment  from  historical  rates  by  planners  or  anticipation  of  dimi.nish- 
Ing  effectiveness  of  capital  investment. 

The  control  solution  projects  that  the  current  degree  of  income- 
expenditure  imbalance  with  a mild  rate  of  domestic  inflation  will  persist 
over  the  10th  FYP  period.  An  Increasing  gap  between  administered  prices 
and  "free"  farm  prices  might  well  trigger  a price  reform,  judging  from  past 
experience.  A growing  deficit  in  the  State  Budget  is  also  projected  and  an 
adjustment  in  expenditures  or  revenues  will  be  required. 

Agriculture  is  expected  to  remain  a lagging  sector  through  the 
1976-80  period.  This  has  been  recognized  by  the  leadership  ns  to  made 
evident  by  the  moderation  of  the  growth  target  in  the  Tenth  Plan.  While 
the  plan  document  gives  little  detail  in  the  foreign  trade  sector,  the  model 
projects  a relative  Increase  in  Soviet  trade  with  the  CMEA  and  Developed 
West  and  relative  decline  in  trade  with  the  Third  World.  The  measure  of 
Soviet  hard  currency  liquidity  is  projected  to  fall  sharply  in  the  control 
solution,  and  the  ratio  of  debt  less  stock  of  hard  currency  to  total  Soviet 
exports  to  the  Developed  West  rises  substantially  through  1976. 

1 . Scenario  Experiments 

Several  alternative  projections  to  the  control  solution  were 
considered  to  examine  tlie  total  system  Impact  of  variations  in  Soviet  import 
p<jllcy,  weather  conditions,  and  the  state  of  the  world  economy. 
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SCEN.VKIO  L'fPACT  OF  WE^MTiKK  ON  SOVIET  GROWTH^  IS  76-80 


O 

00 

><r 

CM 

NO 

r>^ 

m 

O 

sO 

,00 

O' 

CM 

r— H 

m 

rH 

r>. 

<r 

m 

c 

a 1 

• 

• 

• 

• 

• 

• 

• 

• 

u 

D Ko  o 

00 

NO 

<n 

ro 

CM 

CM 

o 

00 

<v 

f/iirv.  ,-H 

1 

1 

» 

t 

iH 

1 

■u 

O' 

AJ 

rH 

03 

(X 

O CN 

o 

O' 

<r 

•o 

'O' 

<r 

rv 

iH 

CM 

<13 

CO  <r 

nC 

m 

vO 

CM 

in 

cn 

m 

CJN 

. 

• 

• 

• 

• 

• 

• 

• 

AJ 

t—  un 

O 

CM 

CM 

rH 

rH 

iH 

rH 

m 

o 

03 

<u 

1 

1 

1 

1 

1 

<13 

3 

0)  ON  o 

r'J 

CM 

m 

o 

<r 

o 

O' 

ro 

m 

> 

m 

o 

o 

CM 

00 

00 

O 

CM 

vO 

ON 

• 

• 

• 

• 

* 

• 

• 

• 

• 

1 

r— 1 rH  r-H 

CM 

rH 

iH 

o 

o 

»H 

iH 

rH 

o 

\ 

\ 

! 

\ 

} 

u 

<?N 

4-» 

C <K  1 fN 

iT\ 

vC 

nD 

1— • 

»H 

m 

in 

O tf^ 

oc 

<o> 

'O 

C^3 

00 

CM 

<r 

O' 

U 

• 

• 

• 

• 

• 

• 

• 

-H  1 - H 

sO 

d 

r-^ 

o 

o 

d 

c 

1-^ 

^o 

Xi 

CA 

1 

1 

J 

1 

1 

t—t 

(A 

»— • 

03 

,-j  <^ 

00 

C4 

o 

<X) 

m 

oc 

'cr 

O 

r>.  00 

nD 

o 

iH 

o 

CM 

o 

<JN 

nO 

o o^ 

• 

• 

< 

« 

• 

• 

u 

•r^  <— 4 1 lO 

o 

O 

o 

o 

o 

O 

o 

o 

o 

ft 

U 1 

1 

1 

1 

c 

ft 

<13 

c 

o 

tx 

u Nc  o 

O' 

ro 

CM 

r^j 

in 

m 

cn 

o 

</l  |r^ 

•o 

m 

o 

O 

o 

in 

m 

O' 

• 

. 

• 

• 

• 

• 

■ 

• 

• 

o 

1 

O 

o 

1 

o 

o 

1 

O 

1 

o 

cn 

o 

\ 

V 

3 

rj 

> o 

o 

S.T 

•-T 

<r 

m 

m 

r««. 

sC 

rn 

xT\ 

in 

rj 

CM 

»H 

f— » 

• 

• 

• 

• 

• 

• 

0 <T  O 

O' 

<T 

<r 

cn 

<n 

fH 

*H 

<r 

<r 

U X> 

sC 

f—i 

cn 

m 

CM 

CM 

r->- 

A-»  -O 

wr 

r-H 

c 

o 

u 

c 

u o 

^ rg  (Z  Xi  CT3X3  CCJD  fUX5  CO^ 

rj  C 

Ci<  (b  J h-*H^ 

u 

u rf) 

a 

AJ 

03 


0) 

r< 

y*~s 

1— i 

o 

3 

AH 

1 

O 

vO 

AH 

nO 

O' 

c 

fH 

AH 

0 

U 

C 

•H 

03 

c 

AH 

• • 

3 

R 

o 

a 

ft 

O 

,r>, 

AH  yTv. 

■rH  ✓—s 

3 

y-~v 

»H 

u 

<A 

(A  tn 

(A 

AH  <A 

TJ 

CA 

t-t 

a. 

03 

03  03 

c 

03 

CX  <13 

C 

03 

■—4 

> «H 

o 

E iH 

Li 

rH 

o 

rH 

X 

n -o 

•H 

X 

3 

a 

X 

•H 

0 

3 

•H  2 

AH 

3 

lA  3 

3 

u 

03 

c 

u 

C 

D- 

M 

C ^ 

rH 

Li 

ft 

•H 

y— V 

o 

rH 

E 

r 

ft 

c 

Xi 

CA 

•rH 

O 

3 O' 

3 

o 

u o 

u 

m 

03 

ft 

AH 

AH 

r*^ 

AH  s£> 

CA 

r^ 

3 

X 

<J 

•H 

•rH 

3 

O' 

•H  O' 

C 

CTv 

CA  O' 

AH 

O' 

C/1 

Li 

c 

C 

rH 

n.  rH 

s 

fH 

03  iH 

«H 

rH 

Ct3 

LO 

rH 

3 

s«^ 

lA 

• 

3 , 

• 

XI  • 

O 

. 

CC 

Xi 

S3 

T3 

CO 

ft  CQ 

•H 

PQ 

0 

:« 

O 

'wT 

U ' 

Li 

L. 

03 

0 

3 

, ' 

Cl. 

O 

• 

47 


TABLE  11-12 


■IHK  I>tt'ACT  OF  THE  WESTERN  RECESSION 

ON  THE  SOVIET  ECONOMY,  1976-80 

Scenario  111;  Recession  in  World  Trade,  1975-76,  Replaced 
with  Steady  7%  Growth 


Units 

Control 

Scenario  III 

Growth  in  GNP,  1975-80 

Percent 

23.5* 

23.9* 

Growth  in  Industrial  output, 
1975-80 

Percent 

39. 4t 

40. 3t 

Nominal  growth  of  Soviet  imports 
of  machinery  4 equipment  from 
the  Developed  West,  1974-80 

Percent 

137. 

143. 

Nominal  growth  of  Soviet  exports 
to  the  Developeii  West,  1974-80 

Percent 

158. 

170. 

Hard  currency  reserves,  1980 
(end  year) 

$ Million 
Current 

-798, 

1451. 

Debt-export  ratio,**  1980 

0.442 

0.194 

Notes : 

* Five-year  average  (1973-77)  used  for  1975  level  cf  GNP . 

t Model  projection  converted  to  Soviet  GVO  basis, 

**  Debt  less  Hard  Currency  Reserves  divided  by  Total  Exports  to  the 
Developed  West. 
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Scenario  111  was  ilcslxiiod  to  ('x.iin Inc  tlu'  impact  oi  the  Western 


recession  on  the  Soviet  economy.  i he  scenario  replaced  the  iy75  recession 
observed  in  world  trade  by  steady  growth  at  17  ior  1975-80.  Credit  drawings 
on  the  West  were  also  reduced  by  $4  billion.  In  comparison  with  the  control 
solution,  industrial  production  in  Scenario  III  was  3.85  billion  rubles 
greater  over  the  10th  FYP  and  the  Soviet  Union's  international  position 
in  1980  was  much  Improved,  $2  billion  additional  in  hard  currency  reserves 
and  a lower  debt  ratio.  The  longrun  impact  on  industrial  output  from  in- 
creased machinery  imports  would  primarily  occur  after  1930  because  of  the 
lags  involved  in  Import  and  installation. 

4.  ITn^ Input-Output  Component  Applied  to  the  I’enlh  Five  fear  Plan 

Two  alternative  projections  were  attempted  for  the  10th  FYP  using 
t lie  integrated  1/0  component  of  SOVMOl)  TI.  In  Alternative  I,  the  growth 
rates  of  material  inputs  were  imposed  from  the  control  solutioi  projections. 
Generally,  projected  branch  growth  rates  were  lower  in  Alternative  1 because 
of  reiluced  output  elasticities  for  capital  in  the  three-factor  production 
functions.  This  Indicates  the  general  sensitivity  of  production  functions. 

This  Indicates  the  general  sensitivity  of  production  function  projections 
to  variations  in  specification. 

In  Alternative  II,  branch  material  inputs  were  determined  endogenously 
I hroiiyh  I hi'  ini  er  at  I ion  ol  the  l/o  system  and  the.  Lhrec-factor  production 
iunctions.  The  greatest  clianges  from  Alternative  I to  Alternative  II 
occurred  in  industrial  branches  with  the  largest  output  elasticities  for 
iiuiLerlal  inputs.  Sectoral  Interdependencies  introduced  in  Alternative  II 
have  i leveling  effect  on  branch  growth  rates — i.e.,  branches  that  were 
projected  to  have  growth  rates  less  than  the  economy  average  grow  more 
quickly  under  Alternative  II  than  In  the  Control. 


Conclusions 


■i. 

This  evaluation  of  the  Soviet  Tenth  Five  Year  Plan  using  the  SRI-WEFA  Model 
leads  to  a conclusion  of  Plan  feasibility,  at  least  for  the  main  indi- 
cators released  in  the  Basic  Guidelines.  This  conclusion,  it  should  be 
noted,  depended  upon  the  Plan  Itself  for  only  Indications  of  the  employ- 
ment constraints  and  Soviet  investment  intentions.  From  there,  the 
.Model's  proiections  rest  basically  on  the  past  performance  of  the  Soviet 

economy  as  captured  in  the  system  of  estimated  equations.  In  a sense, 

then,  Soviet  planners  appear  to  have  adjusted  their  expectations  to  past 
experience,  rather  tiian  rely  on  the  adjustment  of  experience  to  excessive 
expectations. 

Tlie  Model  suggests  certain  areas  of  likely  Plan  underfulfillment 
as,  for  example,  in  the  somewhat  strained  Plan  targets  for  growth  in 

incomes  and  foreign  trade.  Ihere  is  also  some  divergence  between  the  Plan 

and  the  control  solution  in  the  targets  for  individual  industrial  branches. 

It  is  possible,  however,  tliat  these  divergencies  have  appeared  because  the 
(unpublished)  Plan  allocation  of  investment  differs  from  the  Model's 
pro)  ect ions. 

The  Model  also  generates,  in  a system-wide  consistent  way,  a wealth 
of  detail  which  appears  in  the  control  solution.  While  only  reporting  on 
a small  portion  of  this  detail,  we  have  indicated  continuing  difficulties 
in  the  agricultural  sector  and  a potential  realignment  of  internal  prices. 

Pressure  for  such  a realignment  stems  from  three  sources  of  strain  in  the 
system:  a model-predicted  divergence  between  administered  and  free  prices, 

a widening,  defii  it  in  the  State  Budget,  and  continued  pressures  of  world 
Inflation  through  the  foreign  trade  sector.  All  three  strains  could  be 
"eased"  by  implementing  another  "price  reform". 
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in  another  application,  SRI  analysts  used  SO\l-R);j  II  to  examine  Soviet 
economic  growth  prospects  over  the  next  15  y€-ars,  al  living  for  variation  in 
both  domestic  and  external  conditions.  This  study  was  directed  toward  an 
assessment  of  the  Impact  of  economic  factors  on  the  Soviet  Union's  long 
run  position  in  the  world  arena.  Although  the  Soviet  system  is  directed 
by  political  criteria  in  setting  its  goals,  Sovie'  authorities  are  constrained 
In  their  choices  among  economic  policy  alternatives.  Land,  labor,  capital 
and  system-wide  productivity  are  all  under  great  pressure,  even  though  input 
productivities  are  generally  far  below  Western  levels.  In  addition,  Soviet 
policy  is  Increasingly  Influenced  by  their  participation  in  the  world  market. 
The  study  sketched  four  alternative  economic  paths  for  the  USSR  over  the 
next  15  years.  These  scenarios  are  only  first  approximations  of  the  more 
detailed  scenarios  around  specific  Issues  which  could  be  formulated  using 
the  SRI-WEFA  Soviet  econometric  model. 

1 . The  Baseline  Projection 

A baseline  projection  tt  1990  was  constructed  by  extending 
the  SOVMOD  II  Control  Solution.  It  projects  output  growth 
slowing  down  tiirough  the  1980s,  a trend  reflecting  a number  of  powerful 
underlying  forces,  especially  the  growing  shortage  oi  labor.  Tightness  in 
the  labor  market  results  not  only  from  a slow  growth  rate  for  total  population, 
but  also  from  a lower  participation  rate  in  both  agriculture  and  industry  over 
the  next  15  years.  The  projection  for  agriculture  assumes  "normality"  in 
weather  conditions  and  a stabilization  of  the  ratio  between  actual  and 
potential  grain  harvests  at  the  favor  ililc  ratio  of  0.9.  Nonetheless , the 

' See  Holland  Hunter,  M.  Mark  Earle.  .Jr.,  and  KIcb.ird  R.  Fi'.ster,  "Assessment 
of  Alternative  I.ong.-Range  Soviet  Growth  Strategies,"  .lune  197b  i,to  be 
published  in:  .Joint  Economic  Committee,  Soviet  Economy  in  a New  Perspective 

(U.S.  GPO,  Washington,  1976) 
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agricuLturaJ  sector  continues  to  lag  behind  the  rest  of  the  economy.  Finally, 
the  baseline  projection  assumes  that  Soviet  economic  relations  with  the  out- 
side world  continue  in  their  present  form  over  the  next  15  years.  Under  these 
assumptions,  Soviet  Imports  and  exports  continue  to  expand  along  the  lines 
tliat  have  developed  in  the  last  decade. 

i - Four  Altern/irive  Frameworks  for  Growl  li 

Soviet  economic  expansion  can  easily  deviate  from  the  baseline  pro- 
jection if  domestic  and  external  conditions  over  the  next  15  years  change 
markedly.  Four  alternative  hypothetical  paths  were  constructed  using  sets 
of  adjustments  and  assumptions. 

The  first  projection  tested  the  Impact  of  easy  conditions,  both 
domestic  and  external.  A parameter  was  inserted  for  technological  progress 
in  all  sectors  to  Improve  productive  effectiveness  beyond  what  is  already 
in  the  baseline  prcxiuctlon  functions.  Import  and  export  prices  were  adjusted 
to  Improve  Soviet  terms  of  trade.  The  result  of  these  adjustments  enables 
the  USSR  to  substantially  Increase  its  output  over  the  baseline  projection. 
Consumption  growth  rates  do  not  fall  as  under  the  baseline  projection,  while 
investment  grows  mucti  more  rapidly.  The  overall  annual  growth  rate  for  GNP 
jumps  in  the  early  1980s  and  then  declines  to  a level  above  that  of  the 
late  1970s.  Both  consumption  and  investment  increase  their  share  of  GNT  by 
comparison  with  the  baseline  projection. 

In  the  second  projection,  hard  conditions,  both  domestic  and 
exli-rnal,  were  assumed.  Technological  progress  in  the  1 h80s  is  27  per  year 
less  favorable  I h.iu  In  the  baseline  projection  and  extern.il  terms  of  tr.ide 
move  against  the  USSR.  Such  unfavorable  conditions  noticeably  reduce  the 
growth  rate  of  Soviet  output.  The  Impact  is  especially  severe  on  consumption. 
Services  sector  output  is  larger  under  these  conditions  than  in  the  baseline 
pro'n’ction  since  services  are  less  affected  hy  foreign  trade.  The  combined 
impact  of  these  developments  reduces  the  share  of  consumption  in  GNP 
compared  to  the  baseline  projection. 
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The  third  projection  combined  easy  conditions  at  iiomo  with  difficult 
external  conditions.  In  tills  case,  the  downward  impact  from  abroad  is 
concentrated  in  consumption  while  Investment  and  other  GNP  end-uses  react 
more  favorably  to  easy  domestic  conditions  than  in  the  baseline  projection. 

Food  consumption  rises  as  a result  of  favorable  domestic  conditions,  but 
consumption  of  durables  and  services  falls  markedly  in  response  to  the 
unfavorable  developments  assumed  for  foreign  trade.  Average  growth  rates 
for  GNP  are  only  slightly  lower  than  with  favorable  trade  conditions. 

Finally,  the  fourth  projection  assumes  difficult  conditions  internally 
and  favorable  conditions  in  foreign  trade.  The  results  show  perceptible 
shifts  in  Internal  consumption  of  output,  favoring  households.  Aggregate 
consumption  is  lower  than  in  the  baseline  projection  while  investment  is 
off  and  other  uses  fall.  This  time,  the  change  in  consumption  reflects  a 
sharp  downward  shift  in  the  availability  of  food,  while  other  consumption 
categories  are  higher  than  in  the  baseline  test. 

3 . Six  Policy  Variations,  Responding  to  Altered  Conditions 

Using  SOVMOn  IT,  the  impact  of  hypothetical  changes  in  policy  that 
might  occur  in  response  to  specified  surrounding  conditions  can  be  tested. 

In  the  event  that  easy  domestic  and  external  conditions  prevail  in  the  early 
1980s,  Soviet  authorities  might  decide  to  direct  more  resources  into  invest- 
ment. 'I'he  effect  of  such  a policy,  as  shown  by  this  variation,  would  be  to 
raise  the  level  of  GNP  slightly.  Stronger  application  of  this  policy  would 
tighten  consumer  belts.  Another  policy  Intervention  under  favorable  con- 
ditions might  be  Increased  attention  to  national  defense.  The  results  are 
unattractive.  The  levels  of  household  consumption  and  investment  are 
lower  than  without  policy  changes,  while  the  measure  of  defense  purchases  is 
up,  and  the  net  impact  is  to  reduce  GNP.  An  opposite  policy  change  might 
arise  if,  for  example,  defense  outlays  were  held  constant  after  1982  under 
an  international  agreement.  In  this  case  GNP  will  rise,  as  will  consumption, 
whereas  the  added  Investment  option  reduces  consumption.  The  general  impli- 
cation is  clear:  re<lucLions  in  Soviet  defense  outlays  release  resources  that 
ran  provide  both  gre/iter  consumption  and  greater  investment  in  heavy  industry. 
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Should  domestic  conditions  prove  less  favornble  th.in  anticipated, 
a strong  regime  might  put  more  resources  Into  investment.  In  this  variation, 
the  results  are  similar  to  those  of  adding  more  investment  when  conditions 
were  easy.  There  is  a net  stimulus  to  the  economy,  but  further  policy  shifts 
in  this  direction  would  be  at  the  expense  of  household  consumption.  Favorable 
conditions  in  foreign  trade  do  not  permit  the  U.SSR  to  make  up  for  difficulties 
in  the  domestic  economy.  Another  policy,  if  external  conditions  are  favorable 
and  domestic,  conditions  difficult,  might  be  an  increase  in  defense  expenditures. 
Here,  GNP  goes  down  compared  to  the  projection  without  the  defense  increase 
and  consumption  and  investment  will  fall;  consumers'  belts  are  tightened  and 
industrial  growth  is  slowed. 

Finally,  under  a scenario  where  domestic  conditions  are  easy,  but 
external  economic  trade  conditions  are  unfavorable,  the  policy  might  be  to 
reduce  defense  outlays.  In  this  case,  consumption  and  investment  will  rise 
compared  to  their  levels  without  policy  adjustments,  and  GNP  as  a whole  also 
rises.  The  modest  res[>onses  resulting  with  the  present  model  formulation 
suggest  that  actual  responses  in  the  USSR  would  bo  larger,  and  more  sub- 
stantive defense  reductions  would  have  an  even  more  beneficial  effect  on  the 
civilian  economy. 

4 . Economic  Implications 

Although  these  alternative  projections  are  far  from  specific  fore- 
casts, a few  general  conclusions  can  be  drawn.  The  major  finding  is  that 
Soviet  output  expansion  will  continue  to  slow  down,  except  under  assumptions 
of  extremely  favorable  surrounding  conditions.  The  slacking  off  of  labor- 
force  increments,  declining  et f ec t Iveness  of  cajiital  investment,  and  other 
fc’rces  that  have  causer!  tlio  tapering  growth  of  t lie  last  15  yi-ars  will  i n- 
£ luence  the  coming  15  year.s  as  well.  A secoml  observation  is  that  the  Soviet 
economy,  especially  outside  agriculture,  has  been  expanding  in  a stable,  un- 
swerving ' shion — though  at  gradually  declining  rates — for  a quarter  of  a 
century,  aiid  that  this  steady  growth  has  not  ended.  Third,  these  com- 
putations suggest  how  hard  it  will  be,  in  the  absence  of  major  Inst i tut ional 
changes,  for  the  Soviet  economy  to  respond  in  any  fundamental  way  to  the 
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benefits  of  large-scale  participation  in  the  world  economy.  In  particular 
processes,  however,  where  advanced  foreign  technology  has  been  installed 
successfully,  striking  gains  have  resulted.  Major  constraints  on  Soviet 
gains  from  foreign  trade  in  the  1980s  are  the  limited  dimensions  of  Soviet 
export  capacity  and  limited  world  demand  for  Soviet  exports,  and  the 
limited  internal  flexibility  of  the  Soviet  system.  Finally,  the  examination 
of  upward  and  downward  shifts  in  defense  spending  indicates  how  responsive 
the  Soviet  economy  would  be  if  such  policy  changes  were  made.  Increased 
defense  outlays  cut  heavily  into  both  consumption  and  Investment  increase. 
The  broad  impact  of  defense  changes  is  prompt  and  unamb Igumis , while  the 
consequences  of  changes  in  external  trade  conditions  are  less  certain. 


UL  mCRUMODiiL  DEVELOPMENTS  IN  THE 
SRI-WEFA  MODEL:  SOVMOD  111 


While  the  SRI-WEFA  group  was  utilizing  SOVMOD  II  in  the  applications 
discussed  in  Chapter  II,  the  development  of  a third-generation  model  was 
already  in  progress.  This  new  model,  SOVMOD  III,  represents  a major 
advance  beyond  SOVMOD  II  for  three  major  reasons.  First,  it  is  estimated 
using  more  recent  Western  estimates  for  Soviet  CNP,  production,  income 
and  consumption;  these  new  data  include  the  OER's  final  versions  of  the 
1970  GNP  accounts  and  also  the  data  appearing  in  the  1976  J.E.C.  volume.^ 
Second,  it  incorporates  a revised  specification  for  Industrial  production 
functions  and  a disaggregated  agricultural  sector  which  emphasizes  the 
importance  of  grain  production  and  the  livestock  sector.  Third,  it 
provides  for  the  first  time  a component  of  equations  which  moves  the 
Input-Output  matrix  over  time,  thus  providing  the  capacity  for  long-term 
projections  using  an  endogenous  input-output  system.  This  Chapter 
discusses  the  first  and  second  features,  the  macroraodel  developments 
in  SOVMOD  III.  In  Chapter  IV,  the  new  I-O  component  in  SOVMOD  III  will 
be  presented  and  explained . 

A . The  Data  Base  for  SOVMOD  J_1 1 

The  SRI-WEFA  Model  has  been  constructed  using  a combination  of 
official  Soviet  data  and  Western  estimates.^  In  regard  to  the  Western 
reconstructed  data  used  in  the  Model,  SOVMOD  I and  II  were  estimated 


Office  of  Economic  Research,  USSR:  Gross  National  Product  Accounts, 

L?-ZP’  ^ (ER)  75-76,  November  1975;  Joint  Economic  Committee,  U.S. 
Congress,  The  Soviet  Economy  in  a New  Perspective,  U.S.  CPu,  Washington, 
1976  (hereafter  referred  to  as  JEC  76) ■ 


A discussion  of  these  data  Issues  is  provided  in  Donald  W.  Green  and 
Christopher  I,  Higgins,  SOVMOD  I ; An  Econometric  Model  of  Soviet 
Union , Ch.apter  1 and  Appendix  B (New  York:  Crane-Russak , 1977). 
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with  estimates  available  in  the  fall  of  1973  when  the  project  began. 

This  included  the  estimates  for  Soviet  agricultural  output,  industrial 
output,  household  income,  consumption,  wages,  employment,  and  foreign 
trade  which  appeared  in  the  JEC  1973  volume.^  The  GNP  accounts  in  the 
Model,  both  established  price  wi-ights  In  1970  and  time-series  for  many 
CNF  components,  were  based  on  a preliminary  working  paper  witli  Appendices 
which  was  made  available  to  us  in  October  1973.^  These  estimates  were 
not  extended  to  1973  and  1974;  Instead,  there  were  shifts  in  methodology 
and  price  weights  which  eventually  culminated  in  the  database  which  was 
used  in  SOVMOD  III. 


Some  of  these  revised  Western  estimates  were  available  during  the 
estimation  of  SOVMOD  II  in  Phase  Two  of  the  project.  New  emplo>Tnent 
data,  provided  by  the  Foreign  Demographic  Analysis  Division,  U.S. 
Department  of  Commerce,  were  used  in  the  population  and  employment 
block. ^ New  industrial  output  Indexes  based  on  1970  prices  were  used 
in  the  estimation  of  production  functions  for  branches  of  industry. 
However,  the  major  macromodel  development  in  SOVMOD  II  was  the  dis- 
aggregation of  supply  to  seventeen  sectors  and  most  of  the  SOVMOD  I 
database  was  maintained."*  Since  most  of  the  revised  data  was  still 
provisional^  it  seemed  preferable  to  postpone  reestimation  with  the  new 


1 

Joint  Economic  Committee  (U.S.  Congress),  Soviet  Economic  Prospects  for 
the  Seventies  (U.S.  GPO,  Washington,  1973).  (Hereafter  referred  to  as 
■TEC  7 3)  . 


2 

Office  of  Economic  Research,  Estimates  of  Soviet  CNF,  Working  Paper 
(October  1973)  . 

3 

Stephen  Rapawy , Preliminary  Working  Papers,  FDAD,  Bureau  of  Economic 
Analysis,  U.S.  Department  of  Commerce,  Mlmeo  (1974). 

If 

Donald  W.  Green,  Lawrence  R.  Klein  and  Herbert  S.  Levine,  "The  SRI-WEFA 
Soviet  Econometric  Model:  Phase  Two  Documentation,"  SSC-TN-2970-3 , 

SRI/Strateglc  Studies  Center,  Chapter  III  (October  1975). 
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database  until  Phase  Three.  It  should  be  emphasized,  therefore,  that 
aitliough  the  applications  reported  in  Chapter  II  were  based  on  SOVMOD  II, 
it  is  the  new  SOVMOD  III  which  incorporates  as  its  database  the  latest 
estimates  by  Western  experts. 

In  a later  section  of  this  Chapter,  the  GNP  accounts  in  SOVMOD  III 
will  be  discussed  and  compared  with  the  OER  estimates.  In  the  remainder 
of  this  section,  we  will  briefly  describe  the  other  new  data  utilized  in 
the  estimation  of  SOVMOD  III  and  how  these  data  differ  from  those  used  for 
SOVMOD  I. 

1 . Agricultural  Data 

The  agricultural  sector  in  SOVMOD  I was  estimated  using  OER 
estimates  based  on  1965  and  1966  prices.  In  particular,  the  1966  Soviet 
input-output  table  was  used  for  expenditure  weights  in  the  series  for 
material  Inputs.  Furthermore,  1968  prices  were  used  in  the  aggrega- 
tion of  commodity  output  series  and  the  value  of  livestock.  The  new  OER 
agricultural  data  used  in  SOVMOD  III  are  conceptually  the  same,  but  1970 
prices  are  now  used.^ 

2 . Industrial  Output  Data 

The  new  industrial  output  Indexes  used  in  SOVMOD  III  differ  from 
the  old  SOVMOD  f Indexes  because  of  a shift  in  price  weights  from  1968 
to  1970,  some  changes  in  the  commodity  samples,  and  the  Introduction  of 
some  new  methodology  for  the  construction  materials  and  machine-building 
branches.^ 


1 

David  W.  Carey,  "Soviet  Agriculture:  Recent  Performance  and  Future  Plans," 
in  .TEC  76. 

2 

Ru.sh  V.  Greenslade,  "The  Real  Gross  National  Product  of  the  U.S.S.R.,  1950-1975", 
in  JEC  76. 


Household  Income  and  Consumption 


SOVMOD  I data  on  household  income  and  consumption  were  largely 
derived  from  the  estimates  by  Bronson  and  Severin.^  To  their  estimates 
of  houseliold  money  Income  was  added  an  estimate  of  agricultural  income-in- 
kind  extended  from  the  RAND  studies  of  Soviet  GNP  over  the  period  1956-66. 
In  the  past  several  years  there  have  been  several  methodological  and 
empirical  changes  in  the  OER  estimates  of  income  and  consumption  and  these 
innovations  have  been  incorporated  in  data  which  are  used  in  SOVMOD  III. 
The  price  weights  have  also  been  changed  from  1968  to  1970  to  be  con- 
sistent with  the  GNP  accounts.^ 


1 

David  W.  Bronson  and  Barbara  S.  Sever in,  "Soviet  Consumer  Welfare:  j 

The  Brezhnev  Era,"  In  JEC  73.  ,1 

t 

2 1 

(Gertrude  E.  Schroeder  and  Barbara  S.  Sever  in,  "Soviet  Consumption  and  Income  !i 

Policies  in  Perspective,"  in  -TEC  76.  ' 
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B.  DlsaggreRatlon  of  the  Afirlcultural  Sector 


Early  in  the  initial  Phase  of  tiie  SRI-WEFA  Project  it  became  clear 
that  the  agricultural  harvest  played  a central  macroeconomic  role  in  the 
Soviet  economy.  The  agricultural  sector  also  poses  a major  challenge 
to  the  econometric  modeler  because  of  the  simultaneity  of  output  and 
variable  Inputs.  Two  systems  of  simultaneity  appear  to  be  relevant  for 
Soviet  agriculture.  The  first  system  connects  weather  conditions,  em- 
ployment, wages,  material  inputs  from  other  sectors  and  agricultural 
production.  The  second  system  of  simultaneity  concerns  the  livestock 
sector  and  connects  crop  output  to  the  increment  in  the  herd,  feed  for 
livestock  and  animal  product  output.  The  first  system  of  simultaneity 
caused  estimation  problems  for  earlier  econometric  studies  of  Soviet 
agriculture,  problems  which  resulted  in  a very  high  output  elasticity  for 
labor. ^ In  SOVMOD  I,  this  estimation  problem  waf.  solved  with  a two- 
stage  procedure:  (1)  a llnked-peak  series  was  explained  by  the  primary 

factors  of  labor  and  capital,  and  (2)  deviations  from  peak  output  were 
explained  by  weather  variations.^ 

In  SOVMOD  II,  this  approach  to  agricultural  production  was  extended 
to  the  determination  of  grain  output,  a variable  important  in  the  foreign 
trade  component  of  the  model.  Because  the  grain  series  (both  the  official 
series  and  Western-adjusted  series)  are  dominated  by  a small  number  of 
bumper  harvests,  a linked-second  peak  series  was  Interpolated  and  defined 
as  capacity  output.  This  series  was  regressed  on  labor  (state  and  collec- 
tive farm  employment  only)  and  capital  with  actual  deviations  from 


Hans-Jiirgen  Wagener,  "Sectoral  Growth  - The  Case  of  Soviet  Agriculture," 
Forschungsbericht  j.973  (Osteuropa-Instltut  Miinchen,  Munich,  1974); 
Michael  Marrese,  "Ai'  Econometric  Model  of  the  Soviet  Agricultural 
Sector,"  SRI-WEFA  Working  Paper  #21  (July  1974). 

Donald  W.  Green,  "The  Agricultural  Sector  of  the  SRI-WEFA  Model," 
SRI-WEFA  Working  Paper  #26  (September  1974). 
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capacity  determined  by  weather  variables.  The  two  weather  variables 
constructed  for  SOVMOD  1,  spring-summer  precipitation  and  winter  tempera- 
ture, have  been  updated  and  are  still  used  in  SOVMOD  II  and  III.^ 

A reestimntion  of  the  agricultural  sector  was  necessary  for  SOVMOD 
III  given  the  availability  of  new  OER  data  in  1970  prices.  At  the 
same  time.  It  seemed  promising  to  disaggregate  the  agricultural  sector 
and  to  investigate  the  grain  balance  estimates  recently  la  l.ased  by 
OKR.  A production  function  for  grain  was  estimated  using  the  official 
Soviet  output  statistics  as  part  of  a general  econometric  analysis  of 
the  grain  balance  data.  The  general  conclusion  of  that  analysis  was 
that  the  estimates  of  grain  stocks  derived  from  the  balances  were  not 
as  statistically  significant  as  proxy  measures  derived  from  production 
alone.  Consequently,  the  grain  balance  system  was  not  introduced  in 
SOVMOD  III  although  the  production  function  for  tlie  official  grain 
series  was  included  in  the  final  model. 

Tlu'  disaggregation  of  tlic  agricultural  sector  liegan  with  the  separa- 
tion of  collective  farm  employment  from  state  farm  employment.  This 
Involved  the  estimation  of  separate  participation  equations  (N.ll  and 
N.12)  a.  i wage  equations  (V.2  and  W.3).  Collective  farm  employment 
varies  with  current  harvest  conditions  while  employment  on  state  farms 
does  not.  After  a harvest  failure,  the  equations  Indicate  a shift  toward 
state  farm  employment  and  away  from  collective  f.-.i'-ns.  Private  agricul- 
tural employment  was  found  to  rise  during  better  harvest  conditions.  .'in 
average  wage  on  State  farms  was  found  to  adjust  to  the  smoothed  capacity- 
output  series  (XAGTN)  while  the  collective  farm  wage  adjusted  to  tlic 
actual  output  series  (XAGT70) . Collective  farm  incomes,  as  was  known 
before,  adjust  much  more  to  tlie  conditions  of  tiie  past  harvest. 
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Green  and  Klgg.lns,  op.cit..  Appendix  b. 
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Donald  W.  Green,  "The  Soviet  Grain  Balance:  An  Econometric  Evaluation 

of  the  OER  Estimates,  1960-1973,"  SRI-WEFA  Working  Paper  /^48 
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Besides  the  production  functions  for  total  agricultural  output  and 
grain,  functions  have  been  estimated  for  total  crop  output,  animal  prod- 
ucts, and  meat  production.  In  Figure  III-l,  a simplified  diagram  of 
the  agricultural  sector  In  SOV'MOD  III  is  provided;  not  shown  is  the  meat 
subsector  within  animal  products  and  grain  whicli  Is  a component  of  crop 
output.  The  major  exogenous  variables  in  the  sector  are  the  weather 
Indexes  which  influence  crop  output,  annual  budget  financing  and  defense 
expenditures  which  affect  capital  investment  in  agriculture,  and  the 
structure  of  working  capital  which  influences  the  growth  of  the  live- 
stock herd.  The  two  systems  of  simultaneity  are  clearly  indicated  in 
Figure  TTI-1:  (1)  tlie  interdependence  of  the  livestock  herd  and  feed 

for  livestock  in  the  determination  of  animal  product  output,  and 
(2)  the  simultaneity  of  total  agricultural  output,  current  purchases 
from  other  sectors,  capital  stock  (through  current  investment),  and 
employment  (through  collective  farm  participation  rates).  Tiie  simul- 
taneity present  in  this  agricultural  sector  of  the  SRl-WEFA  Model 
should  eventually  lead  to  the  application  of  simultaneous  equation 
techniques  in  estimation. 

Several  features  are  noteworthy  about  the  estimated  equations  in 
SOVMOI)  III.  First,  total  agricultural  output  is  predicted  more  accur- 
ately by  the  aggregate  producrlon  function  (X.l)  than  by  using  separate 
production  iunctions  for  iininuil  products  (X.3)  and  crops  (X.2)  with  the 
value  111  Iced  (A.))  subtracted.  This  suggests  an  I'ffsetting  movement 
wliirli  a isos  animal  product  output  when  crop  output  falls.  This  response 
is  further  Indicated  in  the  equation  for  meat  (X.4)  witli  a negative 
coefficient  on  the  state  ol  the  harvest.  Other  components  in  the  animal 
product  category  probably  decline  witli  poor  harvest  conditions,  e.g., 
dairy  products,  resulting  in  the  positive  coefficient  in  equation  (X.3). 
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Figure  III-l 


THE  AGRICULTURAL  SECTOR  IN  SOVMOD  III 


Links  are  simultaneous  unless  denoted  by  tlie  lag  operator;  L(l,2) 
indicates  a one  and  two-year  lag.  Hexagons  indicate  exogenous  variables. 
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A Respeclf Ication  of  Industrial  Production  Functions 


A very  Important  aspect  of  Phase  Tliree  of  the  SRI-WEFA  Project  was 
a reconsideration  of  the  production  function  literature  on  the  Soviet 
Union.  A central  concern  of  this  investigation  was  to  establish  a micro- 
economic  view  of  Soviet  production,  consistent  with  Western  understanding 
of  Soviet  planning  and  incentives,  which  would  support  a macroeconomic 
estimation  of  production  functions.  The  approach,  which  is  described 
elsewhere,^  represents  a technocratic  or  engineering  view  of  Soviet 
organization.  This  provides  a specification  of  the  expansion  path  rather 
than  a static  conception  of  enterprise  Isoquants  or  cost  functions.  This 
approach  does  not  require  any  assumptions  of  cost-minimizing  or  output- 
maximizing  behavior. 

The  functional  form  eventually  used  in  our  SOVMOD  III  estimation  is 
a rate-of-growth  specification  equivalent  to  a Cobb-Douglas  production 
function: 

A X^/Xf  = Ci  a ANf/Nf  + b AK^/K^ 

Our  reconsideration  of  the  production  functions  in  the  SRI-WEFA 
Model  was  also  stimulated  by  the  experimental  projections  to  1980  using 
the  I-O  component  in  SOVMOD  II.  It  was  observed  that  the  introduction 
of  material  Inputs  into  the  specification  of  production  tended  to  reduce 
the  output  elasticity  for  capital;  in  projections,  this  often  reduced 
the  growth  rates  for  industrial  branches.  This  sensitivity  in  projec- 
tions to  variations  in  specification  indicated  the  value  of  judgmental 
consideration  and  experimentation.  Consequently,  in  the  determination 
of  production  functions  for  SOVMOD  III  we  have  not  been  guided  solely 

1 

Donald  W.  Cretui,  The  Microfoundatlons  of  Soviet  i'roduction  Functions; 

An  Engineering  Approach,"  SRI-WEFA  Working  Paper  #45  (April  1976). 

2 

Green,  Gulll,  Levine  and  Mlovlc,  op.clt..  Section  5 in  JEC  76. 
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by  econometric  results.  Technical  progress  rates  have  been  Imposed  for 
several  branches  given  the  typical  multicollinear ity  in  these  estimations. 
We  have  also  tried  to  make  the  two  factor  and  three  factor  production 
functions  more  consistent  in  terms  of  factor  elasticities.  Tiie  parameters 
for  industrial  branches  included  in  SOVMOD  III  are  presented  in  Table 
TlI-1  below. 
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PRODUCTION  FUNCTION  PARAMETERS  FOR  SOVMOD  III 
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I). 


Income  and  Consumption 


With  the  availability  of  revised  estimates  for  income  and  consump- 
tion as  discussed  previously,  those  components  of  the  SRI-WEFA  Model 

were  respeclfled  in  some  respects  and  then  reestimated  for  SOVMOD  III. 
Disposable  money  income  of  households  in  current  rubles  is  calculated 
using  OER  procedure  and  estimated  as  follows: 


ZGW* 

+ZWK* 

+ZSAG* 

+ZMPA* 

+RTRAN* 

+ZPCP*9 

Gross  earnings.  State  employees 
Collective  farm  wage  payments 
Income  from  the  sale  of  farm  products 
Military  pay  and  allowances 
Transfer  payments 

Distribution  of  cooperative  profits 

Equation 

II 

If 

II 

II 

(Z.l) 

(Z.2) 

(Z.3) 

(Z.4) 

(B.7) 

*ZTG* 

Gross  household  money  income 

II 

(Z.5) 

-TAXES* 

Personal  taxes 

II 

(T.6) 

-TDUES*9 

Dues,  trade  union  and  party 

-TINSP*9 

Insurance  premiums 

=ZTD* 

Disposable  household  money  Income 

II 

(Z.6) 

Wage  earnings  (ZGW*  + ZWK*)  are  a function  of  employment  and  average 
wages  for  the  six  productive  sectors  with  agriculture  disaggregated 
for  State  and  Collective  farmers.  The  income  from  agricultural  sales 
is  a function  of  the  current  harvest  and  the  negotiated  agricultural 
price.  Transfer  payments  to  households  are  also  dependent  on  the 
current  harvest,  as  well  as  upon  the  government  wage  rate.  Taxes  on 
the  population  are  related  to  gross  wage  earning  through  estimated 
statutory  tax  rates  (T.5)  with  adjustments  for  local  taxes  and  lotteries. 

Real  disposable  Income  Is  computed  by  deflating  nominal  money  Income 
by  the  consumption  price  defl.itor  and  adding  a 1970  ruble  estimate  of 
agricultural  income- In-klnd . The  latter  estimate  from  the  RAND  GNP  esti- 
mates for  1956-66  is  extended  to  1974  on  the  basis  of  actual  and  normal 
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agricultural  harvests.  The  estimate  in  1960-65  prices  is  shifted  to  1970 
rubles  using  the  negotiated  agricultural  price.  Previously,  this  RAND 
estimate  was  Iri'ated  as  a current  ruble  figure  added  to  tilsposable  mom>y 
income  before  deflation.  Essentially,  the  new  procedure  in  SOVMOD  III 
augments  disposable  money  income  (the  OER  measure  deflated)  by  a real 
measure  which  is  moved  by  the  agricultural  harvest. 

In  the  final  revision  of  SOVMOD  II,  a new  alternative  of  consumption 
was  introduced  where  the  services  category  is  a direct  function  of  the 
output  measure  for  services.  The  other  consumption  categories  would  then 
be  either  income-determined  or  GNP -determined  through  the  residual  end- 
use  variant  of  the  SRI-WEFA  Model.  ^ In  ''OVMOD  III,  tliere  are  now  five 
alternative  determinations  of  household  con.'^urapt ion  defined  below: 


Alternatives 


I 

II 

III 

IV 

V 

Aggregate  consumption 

IN 

ID 

RE 

RE 

ID 

Food 

ST 

IN 

ST 

SN 

SN 

Nondurables 

ST 

IN 

ST 

SN 

SN 

Durables 

ST 

IN 

ST 

SN 

SN 

Servl ces 

ST 

IN 

ST 

XS 

XS 

Non-Services 

1 D 

ID 

ID 

ID 

IN 

Where 

ID  = 

Identity 

Determination 

IN  = 

Income-Determined 

RE  = 

Residual 

Determination 

SN  = 

Share  of 

Non-Services 

ST  = 

Share  of 

Total 

XS  = 

Output  Determination 

L of 

Services 

Green  and  Higgins,  op.clt.,  Chapter  6 
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E. 


Defense  and  State  Reserves 


Tn  the  initial  specification  of  the  SRI-WEFA  Model,  Soviet  defense 
expenditures  were  treated  primarily  as  a prior  claim  on  the  production 
of  durable  goods.  The  Model  was  specified  so  that  tlie  impact  of 
defense  expenditures  was  measured  by  a real  rate  of  growth  or  a ratio  of 
nominal  expenditures.  Thus  the  level  of  Soviet  defense  expenditures  did 
not  affect  the  estimated  behavioral  relations  in  the  Model;  the  level  of 
Soviet  defense  only  appeared  in  the  GNP  accounting  of  end-use.  We  pro- 
visionally adapted  the  Cohn  "budgetary  approach"  in  separating  the  official 
defense  budget  into  personnel  and  nonpersonnel  components.  ^ The  non- 
personnel component  plays  an  important  role  in  SOVMOD  II  in  constraining 
the  growth  of  new  capital  investment  and  consumer  durables. 

It  became  clear  by  Phase  Three  of  the  SRI-WEFA  project  that  a more 

extensive  analysis  of  the  Soviet  defense  sector  was  required.  However 

adequate  the  budgetary  approach  was  as  an  indicator  of  the  trend  in  Soviet 

defense  through  the  mid-1960s,  it  is  clearly  inadequate  for  the  period 

since  1965.  The  virtually  constant  level  of  the  official  defense  budget 

over  the  period  1970-75  cannot  be  reconciled  with  other  indications  of 

increasing  Soviet  military  strength  and  the  growing  sophistication  of 

Soviet  military  hardware.  Consequently,  an  extended  specification  of  the 

2 

defense  sector  was  designed  and  partially  Implemented  in  Phase  Three. 


Stanley  H.  Cohn,  "Economic  Burden  of  Defense  Expenditures,"  in  JEC  73. 

Donald  W.  Green,  "The  Defense  Sector  tn  a Soviet  Macromodel:  A New 

Specification  for  the  SRI-WEFA  Model,  "Working  Paper  #43  (January  1976; 
revised  July  1976). 
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In  the  present  version  of  SOVMOD  III,  Cohn's  estimate  of  the  non-  j 

personnel  component  of  the  official  defense  budget  continues  to  play  a j 

! 

role  as  a constraint  on  other  categories  of  the  use  of  durable  goods. 

However,  the  personnel  category  has  been  explicitly  decomposed  into  a 
manpower  level  (exogenous)  and  an  average  wage  for  military  manpower 
which  is  related  to  the  average  wage  for  Soviet  Industry.  Furthermore, 
a new  category  of  State  Reserves  has  been  added  to  the  end-use  side  of 
the  national  accounts  using  Cohn's  recent  estimate  derived  from  the 
working  capital  accounts.^  His  estimation  begins  with  a control  total 
for  annual  growth  in  working  capital  and  reserves.  The  estimate  of  the 
growth  in  state  reserves  is  a residual  after  the  subtraction  of  changes 
in  working  capital  of  State  enterprises,  unfinished  construction  and 
working  capital  of  collective  farms.  This  estimate  of  the  change  in 
State  Reserves  is  now  used  in  SOVMOD  III  as  an  indicator  of  defense 
expenditures  beyond  the  budgets  for  defense  and  science.  The  composi- 
tion of  this  category  remains  unclear  but  it  probably  Includes  mostly 
procurement  of  military  durables.  Since  Cohn's  preferred  deflator  for 
this  series,  an  equal-weighted  index  of  the  official  price  index  for 
MBMW  and  Becker's  adjusted  index.  Is  virtually  equivalent  to  a constant 
deflator,  the  series  has  not  been  deflated  in  the  construction  of  a con- 
stant 1970  ruble  series  for  Defense  and  State  Reserves.  The  levels  of 

defense  expenditures  in  SOVMOD  III  are  higher  than  in  previous  versions 

2 

of  the  model,  though  they  are  below  the  OSR  revised  estimate. 


Stanley  II.  Colm,  "A  Re-Evaluation  of  Soviet  Defense  Expenditure 
Estinvites,"  SRI,  Draft  Copy  (June  i976)  . 

2 

Office  of  Strategic  Research,  Estimated  Soviet  Defense  Spending 
in  Rubles,  1970-1975,  SR  76-10121U  (May  1976) . 
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Several  tasks  remain  for  follow-on  research  in  this  area.  This 
new  estimate  for  State  Reserves,  as  well  as  the  extended  OSR  series  and 
Lee's  residual  estimate  for  military  procurement,^  should  be  introduced 
in  the  behavioral  equations  for  new  capital  investment  and  consumer 
durables.  This  will  provide  some  indication  of  the  statistical  robust- 
ness of  these  different  estimates.  Furthermore,  such  alternative  versions 
of  the  Interaction  between  the  military  and  civilian  sectors  could  be 
compared  in  full-system  simulations  within  the  framework  of  SOVMOD  III. 

In  Table  I1I-2  below  are  presented  the  current  and  constant  ruble 
estimates  of  Soviet  defense  and  State  reserves  presently  used  in  SOVMOD 
III,  as  well  as  their  proportion  in  Soviet  GNP . 

TABLE  1II-2 

DEFENSE  LEVELS  IN  SOVMOD  III 

Defense  plus  Defense  plus  Percentage  of  Real 

Year  State  Reserves  State  Reserves  GNP:  Defense  plus 

(Billion  Current  Rubles)  (Billion  1970  Rubles)  State  Reserves 


1960 

17.3 

17.75 

8.13 

1965 

29.6 

30.61 

10.70 

1970 

35.4 

35.40 

9.30 

19  74 

39.4 

40.18 

8.79 

1 

William  T.  Lee,  Soviet  Defense  Expenditures  for  1955-1975,  GE75iMP-42 
(Draft  of  31  July  1975) . 
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F. 


Other  Developments  In  the  Macromodel 


Most  other  changes  in  the  macromodel  components  of  SOVMOD  III 
represent  minor  adjustments  in  specification  to  control  inconsistency 
or  diverging  trends  for  longrun  projections.  These  adjustments  fre- 
quently represent  adaptations  given  the  applications  experience  gained 
with  SOVMOD  II  during  Phase  Three.  This  interplay  of  application  and 
model  refinement  is  an  essential  characteristic  of  good  econometric 
modeling  and  forecasting.  In  this  section,  these  minor  refinements 
in  the  Model  will  be  briefly  described  and  explained. 

1.  Investment 


The  principal  change  in  specification  here  was  to  normalize 
dummy  variables  to  a mean  value  of  zero  rather  than  a positive  number. 

Most  of  the  administrative  interventions  in  the  capital  investment  sector 
have  been  in  the  downward  direction.  Projections  based  on  equations 
estimated  with  typical  dummy  variables  (equal  to  0 or  1)  are  thus 
biased  upwards.  The  current  specifications  for  investment  growth  allow 
the  model  user  to  run  projections  which  are  most  consistent  with  the 
sample-period  growth  rates  by  setting  coefficients  for  administrative 
dummy  variables  to  zero.  Other  trends  previously  embedded  in  these 
growth  equations  have  been  terminated  within  the  sample  period,  e.g., 
housing  investment.  Campaigns  to  complete  investment  projects,  which 
occurred  in  certain  branches  in  1969  and  1973-74,  now  play  a prominent 
role.  Such  campaigns  tend  to  reduce  capital  investment  such  project 
completion  expenditures  tend  to  be  less  than  project  initiation 
expenditures . 

Inventories  in  domestic  trade  (1.21)  are  now  related  in 
eqiiilllir  ium  to  light  Industrial  output  rather  tlian  the  consumption  of 
nondurable.s  iind  durables.  Shortrun  movements  in  such  inventories  are  now 
related  to  the  current  difference  between  light  industrial  output  and  consump- 
tion, the  state  of  the  harvest  in  the  previous  year,  and  the  change  in 
nonpersonnel  defense  expenditures. 
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Inventories  in  the  nontrade,  nonagrlcultural  category  are  now 
related  to  the  growth  of  heavy  industrial  output  rather  than  total 
nongaricultural  GNP.  Annual  variations  in  inventories  are  primarily 
explained  by  the  gap  between  projected  heavy  industrial  output  (based 
on  lagged  growth  rated  over  four  years)  and  actual  output. 

Capital  repair  has  been  moved  from  the  GNP  block  in  SOVMOD  1 
to  the  Investment  block  in  the  new  model.  A new  variable  for  total 
Investment  (ISUM,  1.26)  has  been  introduced  which  includes  new  capital 
investment,  capital  repair,  inventories,  and  changes  in  the  livestock 
here.  All  variables  are  in  1970  rubles. 


Capital 


As  in  the  capital  investment  equations,  dummy  variables  have 
been  set  to  a zero  mean  in  order  to  provide  more  consistent  projections. 
The  exceptions  to  that  occur  when  we  feel  a change  in  capital  stock 
represents  a spurious  revaluation  or  sectoral  transfer  which  does  not 
change  the  longrun  price  conversion  between  investment  expenditures 
and  capital  stock.  Examples  of  the  latter  are  the  3.5  billion  ruble 
increment  in  basic  funds  in  domestic  trade  in  1965  and  the  7.75  billion 
ruble  increment  to  the  housing  stock  in  1962.  The  identities  which 
determine  the  stock  of  imported  machinery  now  utilize  a conversion 
coefficient  of  .712  and  the  German  export  price  aeflator  for  nonelectrical 
machinery  and  equipment. 


In  this  block,  trends  in  the  estimated  equations  have  been 
ie limited  and  dummy  variables  have  been  set  to  zero  means;  again,  this 
' f enhance  projective  consistency  for  SOVMOD  III.  A system  of 
ti.juional  wage  equations  has  been  estimated  to  determine  relative  wages 
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by  branch  for  the  endogenous  movement  of  the  I-O  Matrix. 


4.  State  Budget 

In  the  expenditures  component  of  the  budget  block  (B),  trends  and 
dummy  variables  have  again  been  adjusted  in  respecification  for  gains 
in  projection  consistency.  Two  new  categories  have  been  added  which 
appear  in  the  GNP  end-use  accounts:  an  index  of  research  and  development 

expenditures  and  an  index  of  State  administrative  expenditures.  These 
categories  differ  from  the  State  budget  variables  for  science  and 
administration. 

5.  Foreign  Trade 

The  foreign  trade  block  was  not  respecified  and  developed  in 
Phase  Three.  The  SOVMOD  II  specification  for  exports  and  imports, 
which  was  partially  revised  in  the  fall  of  1975,  was  retained  in 
SOVMOD  III.  Equations  were  reestimated  only  when  the  data  for  independent 
variables  had  changed;  for  example,  the  equation  for  exports  of  consumer 
goods  to  the  CMEA  was  reestimated  using  the  new  series  for  agricultural 
output.  The  measure  for  hard  currency  liquidity  was  adjusted  with  a 
revision  of  world  gold  prices  and  therefore  machinery  import  equations 
were  estimated  as  well.  SOVMOD  III  still  Includes  equations  for  the 
endogenous  determination  of  grain  imports  from  the  Developed  West  and 
gold  sales,  but  those  variables  are  usually  exogenlzed  for  application 
studies  using  the  Model. 


SOVMOD  I and  II  were  constructed  using  a preliminary  estimate  of 
Soviet  GNP  in  1970  prepa"ed  by  the  Office  of  Economic  Research.  In 
Phase  III,  the  new  generation  SRI-WEFA  Model  was  designed  to  be  compat- 
ible with  the  published  version  of  the  GNP  accounts  for  1970. ’ The 
control  total  of  380.7  billion  1970  rubles  and  the  end-use  composition 
will  be  matched  by  SOVMOD  III.  There  are  several  differences  in  weights 
and  time  series  selected  to  move  GNP  categories  which  do  result  in 
some  variation  between  OER  and  SOVMOD  III  estimates  of  GNP  for  other 
years.  In  this  section  of  the  report,  these  differences  will  be  briefly 
explained.  Finally,  the  derivation  of  the  GNP  end-use  residual  and  a 
GNP  income  residual  used  in  the  structure  of  SOVMOD  III  will  be  described. 

On  the  sector-of-origin  side  of  the  GNP  accounts,  the  major  differ- 
ence between  SOVMOD  III  and  the  OER  data  is  the  set  of  established  price 
weights.  OER  has  removed  state  subsidies  from  sector  GNP  in  established 
prices  and  these  subsidies  reappear  in  tae  category  of  unallocated.  The 
unallocated  category  also  includes  the  residual  category  of  other  money 
income  for  households.  Rather  than  move  this  large  component  of  GNP 
(33  billion  rubles)  with  an  arbitrary  series  set  exogenously  for  the 
Model,  subcldies  have  been  returned  to  the  sector-of-origin  weights  in 
establlslied  |)rices.  The  remainder  (14  billion  rubies)  of  other  branches 
and  unallocated  is  moved  by  the  GNP  total  of  observed  sectors.  Thus  the 
sum  of  agricultural  and  nonagricultural  GNP  in  the  Model  is  increased  by 
3.7%  to  match  ttie  1970  control  figure. 

1 

Office  of  Economic  Research,  USSR:  Gross  National  Product  Accounts, 

1970,  A (ER)  75-76  (November  1975). 


76 


Besides  the  difference  in  weights,  the  SOVMOD  III  series  for  Soviet 
GNP  will  differ  slightly  from  the  OER  series  because  different  indexes  are 
used  for  construction  and  transport/communications.  In  SOVMOD  III,  the 
output  index  for  construction  is  the  activity  series  for  State  construction 
organizations  while  the  transport/communications  index  used  is  a weighted 
index  of  physical  transport  measures  and  the  ruble  series  for  communications.^ 

On  the  end-use  side  of  the  accounts  there  are  no  major  differences 
in  the  1970  established  price  weights.  Differences  do  arise  in  the 
inventory  measure  and  in  the  explicit  treatment  of  net  exports  and  de- 
fense in  SOVMOD  III.  There  are  two  categories  of  inventories  in  the 
SRI-WEFA  Model:  (1)  domestic  trade,  and  (2)  nontrade,  nonagricultural 

Inventories.  These  series  are  constructed  using  the  methodology  of 
Moorsteen  and  Powell.^  There  is  no  explicit  series  included  for 
agricultural  inventories.  Including  grain  reserves,  so  those  conceptually 
will  appear  in  the  end-use  residual.  Exports  and  Imports  are  aggregated 
in  current  dollars,  converted  to  foreign  trade  rubles  at  the  official 
exchange  rate,  deflated  using  official  price  indexes,  and  converted  to 
domestic  rubles  using  the  conversion  coefficients  developed  in  SOVMOD  I.^ 
Defense  expenditures  appear  explicitly  in  the  end-use  accounts  of  SOVMOD  III 
as  discussed  in  Section  III-E  above;  these  include  the  category  of  State 
Reserves  separate  from  the  Inventory  accounts  of  State  organizations. 

With  the  enumeration  of  the  GNP  accounts  as  summarized  in  Table  III-3 
below,  there  appears  a residual  category  of  end-use  GRESEM3.  Over  the 
period  1960-73,  this  variable  has  a mean  value  of  2.7  billion  1970  rubles 
with  a maximum  value  of  10  billion  rubles.  One  half  of  the  variance  of 
GRESEM3  around  a constant  term  is  explained  by  the  current  and  previous 
harvests'*,  indicating  the  probable  presence  of  agricultural  inventories. 


This  series  for  transport/communications  is  documented  in  Green  and 
Higgins,  op.  clt..  Appendix  B. 

7 

Ibid. 

3 

Ibid. 


It 

See  equation  (G.6)  in  Appendix  U to  this  Report. 
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Sector  of  Origin 
Agr  iciil  tore 
Nonagriculture 

L -Industry 

Construction 

-Transport/ 

communications 

-Domestic  trade 

-Services 

-Military  manpower 

Other  branches  and 
ITiallocated 


Total 


TABLE  III  - 3 


The  GNP  Accounts  In  SQVMOD  III 


End-Use 

Consumption 

Accumulation 

-New  capital  in- 
vestment 

-Capital  repair 

-Inventories 

-Livestock  additions 
Administration 
Science 
Defense 

-Manpower 
- Nonpersonnei 
State  reserves 
End-use  residual 


Total 
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Income 

Household  disposable 
income 

Income 

Amor  tization 

Taxes  on  the  social 
sector 

Taxes  on  the  population 
Gross  profits 

Unobserved  Income 


Total 


f 


ConcepLually  this  category  should  also  include  valuation  errors  (foreign 
trade  and  1970  weights  for  domestic  categories),  statistical  discrepancy, 
and  other  unobserved  categories  of  GNP  end-use. 

In  the  structure  of  SOVMOD  III,  the  GNP  accounting  Identities  may 
be  used  to  determine  consumption  as  the  residual  end-use  category  and/or 
gross  profits  as  the  residual  income  category.  Tlie  residual  consumption 
features  have  been  explained  in  Section  Ill-D  above.  The  residual  income 
feature  was  added  to  the  final  version  of  SOVMOD  II  to  provide  a current 
ruble  estimate  of  GNP  and  a residual  estimate  of  gross  profits.  Observed 
income  flows  in  current  rubles  are  used  as  an  estimate  of  nominal  GNP, 
inflated  to  correspond  with  the  1970  estimate  to  GNP; 

GNP3*  = (7.DT*  + ZIK60  'PAFC70/100.  + ZPG*  + ZDT* 

+ TOSS*  + TPOP*)  /.9231 

Observed  incomes  are  household  disposable  money  income,  agricultural 
income-in-kind,  gross  profits,  amortization.  State  taxes  on  the  social 
sector  and  taxes  on  the  population.  This  income  measure  of  GNP  defines 
a deflator  for  GNP  (PCNP3)  which  is  modeled  In  F.quation  (P.  14);  A 1% 
per  year  Inflation  rate  and  a 13%  increase  with  the  1967  price  reforms. 
The  Income  Identity  may  then  be  imposed  in  the  simulation  of  SOVMOD  III 
to  determine  gross  profits  with  Equation  (Z.9b). 


79 


IV  THE  INPUT-OUTPUT  COMPONENT  OF  SOVMOD  III 


r 


Macroeconometric  models  of  market  economies  have  traditionally 
emphasized  the  underlying  determinants  of  demand  and  income  while 
allowing  aggregate  production  to  be  determined  as  the  sum  of 
expenditures  of  effective  demand.  Within  this  framework,  aggregate 
demand  performs  the  crucial  role  of  stimulating  industrial  activity 
which  in  turn  determines  labor  requirements  and  influences  the  level  of 
investment.  When  these  models  are  disaggregated,  it  becomes  necessary 
to  provide  a link  between  the  final  expenditure  categories  and  sectoral 
production.  The  first  attempts  at  incorporating  this  link,  which 
implies  an  input-output  relationship,  were  made  with  regression 
equations  relating  sectoral  output  directly  to  the  final  expenditure 
categories  of  gross  national  product. ^ More  recent  attempts  have 
sought  to  take  advantage  of  the  nonstochastic  estimates  of  the  elements 
of  the  conversion  matrix  provided  by  input-output  data.^ 


1 

F.M.  Fisher,  L.R.  Klein,  and  V.  Shinkai,  "Price  and  Output  Aggregation 
in  the  Brookings  Econometric  Model,"  in  J.S.  Duesenberry,  G.  Fromm, 

L.R.  Klein,  and  E.  Kuh,  eds..  The  Brookings  Quarterly  Econometric  Model 
of  the  United  States  (Chicago:  Rand  McNally  and  Co.,  1965)  and  D.T. 
Kresge,  "Price  and  Output  Conversion:  A Modified  Approach",  in  J.S. 

Duesenberry,  0.  Fromm,  L.R.  Klein,  and  E.  Kuh,  eds..  The  Brookings  Model: 
Some  Further  Results  (Chicago:  Rand  McNally  and  Co.,  1969). 

2 

fR.S.  Preston,  "The  Wharton  Annual  and  Industry  Forecasting  Model", 
Economics  Research  Unit,  Department  of  Economics,  University  of 
f Pennsylvania  (1972);  and  R.S,  Preston,  "The  Wharton  Long  Term  Mode]: 

] Input-Output  Within  the  Context  of  a Macro  Forecasting  Model," 

, International  Economic  Review,  Vol.  16,  No.  1,  pp.  3-19  (February  1976). 
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Although  our  work  in  developing  the  input-output  component  of  the 
SRI-WEFA  Soviet  Econometric  Model  has  benefited  greatly  from  earlier 
work  in  the  area,  the  role  of  the  input-output  component  in  the  SRI-WEFA 
Soviet  Econometric  Model  is  quite  different  from  that  of  the  input-output 
component  in  econometric  models  of  market  economies.  This  difference  is 
due  principally  to  the  emphasis  which  the  SRI-WEFA  Soviet  Econometric 
Model  places  upon  the  determinants  of  production  and  supply  rather  than 
demand  and  income.  Within  SOVMOD  the  primary  causal  flow  runs  from  input 
supplies,  to  output,  and  finally  to  end  use.  Production  functions  per- 
form the  crucial  role  of  transforming  inputs  into  outputs  which  are  then 
distributed  among  final  spending  categories.  Consequently,  it  was 
desirable  to  develop  an  input-output  component  which  would  interact  with 
the  production  functions  in  the  determination  of  sectoral  outputs.  This 
chapter  discusses  the  development  of  the  income-output  component  of 
SOVMOD  III  and  describes  in  detail  the  interaction  between  the  input- 
output  component  and  the  macromodel. 

A.  Development  of  the  Input-Output  Component 

1.  The  Input-Output  Component  of  SOVMOD  II 


In  addition  to  its  role  as  a second-generation  macroeconometric 
model,  SOVMOD  II  was  also  designed  as  a framework  for  extensive  experi- 
mentation with  the  integration  of  an  input-output  system.  The  principal 
objective  of  this  research  was  the  determination  of  a sequence  of 
balanced  Input-output  tables  for  the  period  1959-72.  The  basis  for 
the  derivation  of  this  sequence  of  tables  is  provided  by  the  Soviet 
Input-output  tables  constructed  for  the  years  1959,  196A  and  1972. 
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As  is  gontiraLly  known,  these  Soviet  i npii  t -on  t pn  t tables  have 
never  been  released  in  their  complete  three-quadrant  formats,  and  it  has 
been  necessary  for  Western  analysts  to  reconstruct  the  missing  entries  in 
these  tables  before  they  can  be  used  in  Western  studies  of  the  Soviet 
economy.’  At  the  present  time  the  1959  and  1966  reconstructions  have 
been  completed  and  these  tables  are  available  for  use.’’  The  1972  table, 
however,  w.as  only  released  in  1975,  but  we  are  grateful  to  Professor 
Treml  and  analysts  at  the  Foreign  Demographic  Analysis  Division  of  the 
U,S,  Department  of  Commerce  for  providing  a preliminary  version  of  this 
reconstructed  table  in  time  for  these  data  to  be  included  in  the 
present  study. ^ 

The  technique  which  was  used  to  derive  the  sequence  of  balanced 
Input-output  tables  for  the  years  1959-72  was  a combination  of  linear 
Interpolation  and  weighted  RAS  balancing.**  The  weighted  RAS  algorithm  was 
designed  to  distribute  the  adjustments  across  the  coefficient  matrix  in 
accordance  with  the  stability  of  individual  coefficients.  Since  it  was 


’ Vladimir  0.  Treml,  Dimitri  M.  Galllk,  harry  L.  Kostlnsky  and  Kurt  W. 
Kruger,  The  Structure  of  the  Soviet  Economy  (New  York:  Praeger 
Publishers,  1972). 

2 

Vladimir  G.  Treml,  Dimitri  M.  Gallik,  and  Barry  L.  Kostinsky, 
"Conversion  of  Soviet  Input-Output  Tables  to  Producers'  Prices: 
the  1966  Reconstructed  Table,"  Foreign  Economic  Reports,  No,  1, 

U.S.  Department  of  Commerce  (Washington,  1973);  Vladimir  G.  Treml, 
Dimitri  M.  Galllk,  and  Barry  L.  Kostinsky,  "The  Conversion  of 
Soviet  Input-Output  Tables  to  Prod\'cers'  Prices:  The  1959  Re- 

constructed Table,"  Foreign  Economic  Reports.  No.  7,  U.S. 

Department  of  Commerce  (Washington,  1975)  . 

3 

This  preliminary  version  of  the  1972  Soviet  input-output  table  is  in 
purchasers'  prices.  Since  we  have  chosen  to  work  with  the  input- 
output  tables  in  producers'  prices,  it  was  necessary  to  convert 
the  1972  table  into  producers'  prices,  ITiis  conversion  was  carried 
out  by  the  author  according  to  the  methodology  described  in  Treml, 
et  al. , "The  Conversion  of  Soviet  Input-Output  Tables  to  Pro- 
ducer.s'  Prices:  ITie  1966  Reconstructed  Table,"  op.  cit. 

4 

Gene  D.  Gulll,  "The  RAS  Method  of  Coefficient  Adjustment  and 
Soviet  Input-Output  Data,  "Working  Paper  #34  (September  1975). 
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not  possible  to  deflate  the  reconstructed  Soviet  input-output  tables  to 
a constant  price  base  and  there  exists  theoretical  as  well  as  empirical 
support  for  the  argument  that  input  coefficients  are  likely  to  remain 
more  stable  in  current  prices  than  in  constant  prices, ‘ it  was  decided 
to  apply  this  estimation  procedure  to  the  current  price  input-output 
data.  The  annual  data  required  by  this  procedure-observations  on  sectoral 
GVOs  and  material  inputs  in  current  prices-were  largely  constructed  from 
sebestolmost ' data  available  in  Soviet  statistical  handbooks.^  The 
particular  problem  posed  by  the  1967  price  reform  was  handled  by  re- 
valuing the  1966  table  into  postreform  prices  and  treating  the  revalued 
table  as  benchwork  data  for  the  estimation  between  1966  and  1972. 


This  estimation  procedure  generates  a set  of  input-output 
tables  in  current  prices  for  the  period  1959-72.  In  order  to  integrate 
these  cables  into  the  constant  1970  price  macroraodel,  it  is  necessary 
to  incorporate  price  deflators  for  each  point  where  there  is  feedback 


L.R.  Klein,  "In  the  Interpretation  of  Professor  Leontief's  System," 

The  Review  of  Economic  Studies,  20,  pp.  131-136  (1952-1953);  Klein, 

A Textbook  of  Econometrics,  pp.  200-210,  (Evanston,  111.:  Row, 

Peterson  and  Co.,  1953);  J.  Haldi,  "A  Test  of  Two  Hypotheses  Con- 
cerning Interpretation  of  Input-Output  Coefficients,"  We Itwlrtschaf Cliches 
Archly,  83,  pp.  1-14  (1959);  K.  S.  Sarma, 

"Comparative  Performance  of  Input-Output  Models  with  Alternative 
Production  Functions,"  unpublished  Ph.D.  thesis.  University  of 
Pennsylvania,  Philadelphia,  Pa.  (1972);  C.B.  Tilanus  and  G.  Rey, 
"Input-Output  Volume  and  Value  Predictions  for  the  Netherlands, 

1948-1958,"  International  Economic  Review,  5,  pp.  34-35  (1964); 

P.  Sevaldson,  "Changes  in  Input-Output  Coefficients"  in  T.  Barna 
(ed.)  Structural  Interdependence  and  Economic  Development,  pp.  303-328 
(New  York:  St.  Martin's  Press,  1963). 

This  procedure  involved  the  reconstruction  of  the  Soviet  financial 
accounts  for  each  industrial  sector  beginning  with  the  year  1959.  In 
this  exercise,  data  on  employment,  average  wages,  fixed  capital  stock, 
amortization,  and  profits  were  applied  to  the  official  Soviet 
distribution  of  costs  in  percentage  terms  to  yield  estimates  of  the 
gross  value  of  output  and  value-added  by  industrial  sectors. 
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between  the  two  systems.  In  SOVMOD  II  this  work  was  only  partially 
completed,  i.e.,  crude  price  deflators  were  used  for  the  conversion 
of  the  constant  price  gross  output  predictions  of  the  production 
functions  into  current  prices  and  a single  crude  materials  price  was 
used  to  deflate  material  inputs. 


The  primary  function  of  the  input-output  component  in 
SOVMOD  II  is  to  account  for  the  interdependency  among  the  producing 
sectors  of  the  model.  This  function  is  carried  out  by  introducing 
information  concerning  material  input  flows  among  the  sectors.  First, 
total  material  input  flows  into  each  producing  sector  were  included  as  a 
third  factor  in  the  estimated  production  functions  along  with  labor  and 
capital.  The  input-output  tables  were  next  transformed  into  allocation 
matrices  by  dividing  each  flow  by  its  row  total.  These  matrices  were 
then  introduced  into  the  model  as  exogenous  matrices  which  remained 
unchanged  for  a given  year.  The  material  input  flows  became  endogenous 
variables  which  changed  in  response  to  changes  in  gross  sectoral  outputs. 
In  the  final  solution,  sets  of  material  Inputs  and  gross  outputs  were 
calculated  which  were  mutually  consistent  with  the  input-output 
coefficient  matrix  for  that  year.' 

Since  the  balanced  input-output  tables  were  derived  only  for 
the  years  1959-72,  it  is  necessary  to  record  input-output  data  for  years 
beyond  1972  in  order  that  this  exogenous  input-output  system  can  be 
used  in  forecasting  exercises.  For  these  exercises  the  1972  input- 
output  table  was  usually  recorded  for  each  year  in  the  forecast  period. 


The  procedure  described  in  this  paragraph  is  only  one  of  three 
alternative  procedures  in  which  exogenous  input-output  data  can 
be  Introduced  into  SOVMOD  II  and  used  in  determining  an  endogenous 
set  of  material  Inputs.  In  the  other  two  procedures  the  input- 
output  tables  are  first  transformed  into  matrices  of  direct  input 
coefficients  by  dividing  each  flow  by  its  column  total.  In  contrast  to 
the  procedure  described  above,  these  matrices  of  direct  input  co- 
efficients are  allowed  to  change  in  the  solution  process  for  a 
given  year.  Since  our  experience  with  these  last  two  algorithms  is 
limited  to  sample  period  simulations,  they  are  not  described  in 
this  chapter. 
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In  otlier  words,  tills  system  Incorporated  the  assumption  that  the 
structural  relationship  reflected  In  the  1972  input-output  table  did  not 
change  in  future  years.  Forecasts  with  this  system  and  comparisons 
between  these  forecasts  and  the  forecasts  obtained  using  the  two  factor 
production  functions  of  SOVMOD  II  revealed  that  the  exogenous  input- 
output  component  imposed  a "leveling"  effect  on  sectoral  growth  rates 
rendering  unbalanced  or  disproportional  development  difficult  to 
maintain.'  Although  the  constraints  Imposed  by  this  input-output 
system  are  partially  valid,  it  is  not  possible  to  separate  the  effects 
of  the  introduction  of  sectoral  interdependencies  from  the  assumption 
of  unchanging  structural  relationships  among  the  sectors  in  the  forecast 
period.  Consequently,  the  primary  objective  in  the  further  development 
of  the  Input-output  component  became  the  endogenization  of  the  input- 
output  relationships  themselves.  This  research,  which  is  presented 
below,  has  enabled  SOVMOD  ill  to  incorporate  gradual  changes  in  the 
intersectoral  relationships  among  the  producing  sectors  of  the  Soviet 
economy. 


2 . Experiments  with  Linear  Programming 

As  mentioned  in  the  previous  section,  the  sequence  of  balanced 
input-output  tables  used  in  SOVMOD  li  was  derived  using  techniques  of 
linear  interpolation  and  a modified  RAS  balancing  procedure.  This 
balancing  procedure  was  constructed  as  a minimization  algoritlim  in  which 


Donald  U.  C.rccn,  Ceno  D.  CiiLll,  Herbert  Levine,  and  Peter  Miovic,  "An 
F.valuatlon  of  the  Tenth  Five  Year  Plan  Using  the  SRI-WEFA  Econometric 
Model  of  the  Soviet  Union,"  in  JEC  76 « 
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objective  functions  were  specified  for  each  of  the  rows  and  each  of  the 
columns  of  the  coefficient  matrix.  Indexes  reflecting  the  stability 
of  individual  coefficients  through  time  were  introduced  into  these 
objective  functions  as  the  cost  of  penalty  associated  with  the  adjustment 
of  each  coefficient.  These  indexes  enabled  the  balancing  algorithm  to 
pass  the  major  Impact  of  adjustment  onto  the  less  stable  coefficients. 

This  algorithm  was  then  implemented  as  an  iterative  adjustment  process 
in  which  adjustments  were  first  carried  out  for  the  rows  and  then  for 
the  columns  of  the  coefficient  matrix  - each  time  bringing  the  matrix 
more  and  more  into  balance  with  its  marginal  totals. 

In  spite  of  the  desirable  characteristics  of  this  balancing 
algorithm,  it  remains  the  case  that  this  adjustment  procedure  operates 
upon  the  rows  and  the  columns  of  the  coefficient  matrix  separately  and 
thereby  divides  the  adjustment  process  into  discrete  steps  which  are 
carried  out  in  an  iterative  fashion.  Because  of  this  step-by-step 
implementation  of  the  adjustment  process,  this  method  of  coefficient 
adjustment  fails  to  take  into  account  the  interdependencies  of  the  rows 
and  columns  in  the  complete  balancing  process.  For  this  reason,  the 
inclexes  designed  to  nifcit  the  relative  adjustment  of  coefficients  in  a 
prescribed  manner  in  eacli  step  in  the  balancing  procedure  may  fail  to 
have  the  desired  effect  in  the  overall  balancing  process. 

An  alternative  means  of  est limiting  the  changes  in  input-output 
coefficient  matrices  which  does  take  into  account  the  interdependencies 
of  the  rows  and  columns  in  the  overall  adjustment  process  was  developed 
by  Matuszewskl,  Pitts,  and  Sawyer. ^ This  algorithm  differs  from  the 
weighted  RAS  method  In  that  it  relies  upon  linear  programming  rather 

1 

T.I.  Matuszewskl,  P.R.  Pitts,  and  John  A.  Sawyer,  "Linear  Programming 
F.stimatfS  of  Ci>angc£;  In  Input  I’oef flcients,"  (Canadian  .lournal  of 
Economics  and  Political  Science,  Vol.  XXX,  No.  2,  pp . 203-210  (May  106A). 
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Lhau  an  iterative  matrix  balancing  process  to  produce  consistency 
between  the  estimated  matrix  and  its  marginal  totals.  As  noted  by 
Matuszewski,  Pitts,  and  Sawyer,  linear  programming  appears  to  provide 
a particularly  well  suited  means  of  accomplishing  this  task  since  first, 
it  can  be  used  to  minimize  the  adjustments  over  the  entire  coefficient 
matrix  which  are  necessary  to  yield  an  "updated"  matrix  consistent  with 
the  marginal  totals  of  the  current  year,  and  second,  it  is  sufficiently 
flexible  to  allow  the  use  of  supplementary  information  concerning  the 
changes  in  specific  cells  in  the  input-output  matrix  while  maintaining 
the  consistency  of  the  overall  results. 


In  our  work  in  improving  the  input-output  sector  of  SOVMOD  II, 
we  attempted  to  modify  Llie  estimation  procedure  of  Matuszewski,  Pitts, 
and  Sawyer’  and  derive  a sequence  of  input-output  tables  for  the  Soviet 
economy  using  tliis  modified  linear  programming  algorittmi.  These  tables 
were  then  to  be  compared  with  the  tables  derived  using  the  weighted 
RAS  procedure  in  order  to  obtain  additional  insight  into  the 
properties  of  these  matrix  adjustment  algorithms,^ 

The  results  of  this  research  revealed  that  the  accuracy  of  the 
estimates  obtainable  with  this  linear  programming  algorithm  depends  to  a 


The  modifications  introduced  into  the  linear  programming  algoritlim  were 
intended  to  render  the  data  required  by  this  estimation  procedure 
consistent  with  the  data  available  for  the  Soviet  economy  and  Improve 
the  accuracy  of  the  algoritlim.  In  regard  to  the  latter  modification. 
Indexes  reflecting  the  stability  of  individual  entries  in  the  input- 
output  matrix  were  Introduced  as  coefficients  of  the  activity  variables 
in  the  objective  function.  TTiese  coefficients  were  intended  to  shift 
the  major  Impact  of  adjustment  onto  the  less  stable  flows  of  the  input- 
output  matrix. 

z 

For  a detailed  discussion  of  this  research,  see  Gene  D.  Guill  and  R.S. 
Preston,  "Tlie  Use  of  Linear  Programming  in  Estimating  the  Changes  in 
Soviet  Input-Output  Data,"  SRI-WEFA  Soviet  Econometric  Model,  Working 
Paper  1/41  (December  1975)  and  C»ene  D.  Guill,  Input-Output  Within  the 
Context  of  the  SRI-WEFA  Soviet  Econometric  Model,"  SRI-WEFA  Soviet 
Econometric  Model,  Working  Paper  //44  (April  1976). 
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groat  extent  upon  the  availability  of  supplementary  Information  which 
can  be  introduced  into  the  estimation  procedure.  This  information  might 
take  the  form  of  exact  Information  describing  the  changes  in  a 
relatively  large  number  of  flows  in  the  input-output  table  or  a general 
set  of  constraints  which  describe  the  behavior  of  flows  fairly  accurately. 
In  either  case,  this  information  was  not  available  for  the  Soviet  economy. 
Consequently,  it  was  decided  that  the  dependency  of  this  modified  linear 
programming  algorithm  on  supplementary  information  rendered  it  less 
appropriate  for  the  task  of  estimating  a series  of  input-output  tables 
for  the  Soviet  economy  than  the  weighted  RAS  procedure. 

3 . Endogenizatlon  of  the  Input-Output  Component 

A major  advance  in  the  development  of  SOVMOD  is  the  complete 
endogenizatlon  of  the  input-output  component.  This  feature  allows  the 
structural  relationships  among  sectors  to  change  in  response  to  infor- 
mation generated  within  the  macromodel.  As  a result,  the  input-output 
component  of  SOVMOD  III  can  be  used  in  scenario  analysis  and  forecasting 
exercises  without  Imposing  an  exogenous  input-output  structure  on  the 
producing  sectors  of  the  model. 

The  techniques  which  were  used  to  endogenize  the  input-output 
relationships  within  tlie  SRI-WEFA  Soviet  Econometric  Model  were  derived 
from  earlier  results  of  Hickmin  and  Lau^  and  Preston.^  The  first  of  these 
writers  (Hickman  and  Lau)  were  concerned  with  the  problem  of  changing 
coefficients  In  international  trade  share  matrices  and  sought  to  explain 
these  changes  on  the  basis  of  relative  prices,  a time  trend,  and  a partial 
adjustment  variable.  Recognizing  the  applicability  of  this  work  to  the 


B.G.  Hickman  and  L.J.  Lau,  "Elasticities  of  Substitution  and  Export 
Demands  in  a World  Trade  Model,"  European  Economic  Review  4,  pp.  347- 
380  (1973). 

Preston,  "The  Wharton  l,ong  Term  Model,"  op.  clt.  and  R.S.  Preston  and  Yiu'n-Yun 
O'Brien,  "i'rade  Impact  Studies  Using  the  Wharton  Annual  and  Industry 
Forecasting  Motiel,"  prepareci  i'or  the  United  States  Department  of  Labor, 

Bureau  of  International  Labor  Affairs  (1975). 
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problem  of  price -Induced  material  input  substitution  in  an  input-output 
framework,  Preston  used  the  techniques  developed  by  Hickman  and  Lau  to 
provide  a means  of  directly  endogenizing  input-output  relationships  within 
the  Wharton  Long  Term  Model.  The  typical  estimating  equation  used  by 


Preston  Is  of  the  form 
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where 


x^  = constant  dollar  delivery  of  material  inputs  from  sector  i to 
sector  j , 

X th 

•j  = constant  dollar  value  of  total  material  inputs  into  the  j — 
producing  sector. 

^ ^ th  t h 

J.  . = x../x°  , 1 — product's  share  in  the  producing  sector's  total 

1,1  1.)  *1 

material  Inputs  (superscript  g refers  to  base  year  data). 

(7.  = elasticity  of  substitution  between  any  two  material  inputs  in 

' , .th  . 

the  1 — production  process. 

P th 

= price  index  associated  with  the  output  of  the  1 — producing 

sector . 

R P 

p'  = r i'’  P , price  index  associated  with  the  material  inputs 

j 1=1  iJ  i 

into  the  j—  producing  sector. 

cS . = partial  adjustment  coefficient  entering  the  function  from  a 

partial  adjustment  hypothesis. 

3,  . = constant  term 

1 1 

l = t inu"  t rend 

(t  = t 1 m»'  trend  eoelflclent. 


In  estimating  this  equation,  all  observations  on  the  deliveries  of 
m.iteri.il  inputs  to  tire  j ' producing  sector  are  pooled,  and  it  is  assumed 
that  the  a.  are  invariant  with  respect  to  the  delivering  sector.  Linear 
restrictions  are  ailded  to  these  pooled  regressirms  to  insure  that  the 
sum  of  the  Intercepts  and  trend  coefficients  for  each  producing  sector, 
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respectively,  is  equal  to  zero.  When  estimated  in  this  way,  the  regression 
equations  for  the  j~  producing  sector  possess  the  feature  that  adding 
across  the  delivering  sectors  results  in  a value  of  zero,  i,e,  , 
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This  property  insures  that  the  distribution  of  total  material  inputs  among 
delivering  sectors  maintains  the  column  identity  of  the  input-output  matrix. 

The  problem  of  endogenlzlng  the  input-output  component  of  SOVMOD  III 
is  very  similar  in  concept  to  the  problem  faced  by  Preston  with  the  Wharton 
Long  Term  Model.  However,  since  the  Soviet  economy  is  a planned  economy  in 
which  prices  are  fixed  by  the  state  and  do  not  reflect  conditions  of  scarcity 
or  demand,  it  is  not  reasonable  to  expect  changes  in  relative  input  prices 
to  be  a primary  factor  in  explaining  shifts  in  material  input  use  within  a 
producing  sector.  Therefore,  we  decided  to  modify  the  Hickman-Lau  speci- 
fication, shown  in  equation  (i),  to  include  more  appropriate  measures  of 
supply  and  demand  conditions  among  material  Inputs  in  the  Soviet  economy. 

More  research  is  still  necessary  in  the  attempt  to  derive  meaningful  shadow 
prices  which  could  be  substituted  for  observed  prices  in  equation  (1).  In 
the  meantime,  it  was  decided  to  introduce  average  wage  rates  in  producing 
sectors  as  the  explanatory  variables  in  this  expression.^  Equation  (1)  then 
becomes 


Since  the  specification  of  equation  (1)  was  derived  under  the  assumption 
of  cost  minimizing  behavior  on  the  part  of  producers  in  purchasing  material 
Inputs  to  deliver  a specific  quantity  of  output,  the  modification  sug- 
gested here  weakens  the  theoretical  basis  of  this  specification.  See 
P.S.  Armington  , "A  Theory  of  Demand  for  Products  Distinguished  by  Place 
of  Production,"  International  Monetary  Fund  Staff  Papers,  XVI ^ pp,  159-176 
(March  1969). 
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where 


average  wage  rate  in  the  i — producing  sector 


'2  11'^  » ‘"^n  index  of  average  wage  rates  weighted  by  the 

- 2:  ij  i 

i=l 

coefficients  of  the  j—  producing  sector. 


Since  wage  rates  in  the  Soviet  economy  are  determined  in  part  by 
the  average  productivity  of  labor,  priority  campaigns  to  attract  labor  inputs 
to  a particular  indu.strial  branch,  and  locational  circumstances  which 
compensate  for  various  disadvantages,  a significant  coefficient  on  the  re- 
lative wage  term  in  equation  (2)  is  subject  to  several  interpretations. 

First  it  may  reflect  a general  priority  of  the  producing  sector.  In  this 
case,  higher  wage  rates  would  probably  be  accompanied  by  higher  allocations 
of  investment  funds  and  material  Inputs  in  order  to  increase  the  output  of 
this  sector.  Commodities  produced  by  this  sector  would  then  become  more 
available  in  the  overall  economy,  and  it  is  likely  that  there  would  be 
a sliift  in  favor  of  the  use  of  these  commodities  as  inputs  among  other  producing 
si'clors.  If  this  interpretation  is  of  primary  relevance  in  explaining  the 
relative  wage  rates  among  producing  sectors  in  the  Soviet  economy,  we  would 
expect  the  's  estimated  with  this  specification  to  have  a positive  sign. 

There  is  also  the  possibility,  however,  that  planners  might  attach  a high 
priority  to  a given  sector  and  successfully  attract  unskilled  labor  to  that 
sector  - thereby  lowering  the  average  wage  rate  within  the  industry.  In  this 
case  It  is  no  longer  true  that  one  should  expect  a positive  sign  on  the 

estimated  O 's. 

1 


An  alternative  explanation  of  a significant  coefficient  on  the 
relative  wage  term  in  equation  (2)  suggests  a recognition  by  planners  of  the 
relative  scarcity  of  labor  within  the  Soviet  economy.  According  to  this 
i nt erpretat ion , planners  might  raise  wages  (and  subsequently  output  prices 
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In  order  to  cover  costs)  in  an  effort  to  induce  industries  to  substitute  in 
favor  of  those  material  Inputs  with  lower  unit  labor  costs.  Although  this 
interpretation  is  less  likely  to  explain  the  overall  wage  structure  in  the 
Soviet  economy,  it  would  be  consistent  with  a negative  sign  on  the  estimated 


The  data  required  for  the  estimation  of  the  coefficients  in 
equation  (2)  are  in  part  available  from  published  sources,  as  either  official 
Soviet  releases  or  Western  reconstructions  of  Soviet  data,  and  in  part  must 
be  constructed.  Fortunately,  estimates  of  for  the  base  year  1970^  and 

time  series  data  on  x^^were  available  from  the  sequence  of  balanced  input- 
output  tables  in  current  prices  used  in  SOVMOD  II.  Although  the  original 
Hickman-Lau  equations  were  specified  in  terms  of  constant  price  data,  it  was 
necessary  to  use  current  price  data  in  this  exercise  since  only  crude  de- 
flators are  available  for  the  Soviet  economy  with  the  exception  of  the 
1967  price  reform.  Given  and  the  average  wage  rates  in  producing  sectors, 

n 

the  (1),  are  computed  as 


U) 


R 


Selected  results  obtained  using  this  pooled  time  series-cross 
section  constrained  regression  technique  are  presented  in  Table  1.  This 
tabJe  presents  the  estimated  values  of  the  short  run  elasticity  of  sub- 
stitution a^(l-6^)  and  the  speed  of  adjustment  coefficient  6^  for  15  pro- 
ducing sectors  and  a single  aggregate  final  demand  category.  In  all  cases 
but  one ^ the  speed  of  adjustment  coefficients  is  highly  significant  and  falls 
within  the  stable  range  of  zero  and  one.  The  short  run  elasticity  of 
substitution  Is  positive  In  11  of  the  16  catagories  presented.  Among  the 
remaining  f ivi'  4 a t (gor i es  In  which  the  elasticity  of  substitution  is 
negative,  its  value  is  statistically  significant  in  only  two. 


Since  the  SRI-WEFA  Soviet  Econometric  Model  is  constructed  using  1970 
base  year  weights,  it  was  decided  to  use  1970  as  the  base  year  in  this 
exercise . 
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TABLE  IV- A 


ESTIMATES  OF  a (l-(5  ) AND  6 FOR  15  PRODUCING  SECTORS 

j i i 


AND  FINAL  DEMAND 


a.  (l-iS.) 
J 3 

6 

j 

Metallurgy 

-0,0766 

(-0.4) 

.6031 

(9.1) 

Coal 

-0.1404 

(-1.0) 

.8547 

(11.4) 

Petroleum  & gas 

1.4957 

(6.2) 

-0.1272 

(-1.5) 

Electrical  power 

-0.0593 

(-0.6) 

0.9136 

(23.4) 

Machine-building  and  metalworking 

0.3557 

(1.8) 

0.5070 

(7.5) 

Chemical s 

0.1744 

(1.1) 

0.9466 

(17.5) 

Forest  products 

0.2030 

(1.8) 

0.7204 

(13.3) 

Paper 

-0.1851 

(-2.0) 

0.8622 

(16.0) 

Construction  materials 

0.1525 

(1.4) 

0.7588 

(15.3) 

Soft  goods 

0.0204 

(0.3) 

0,6605 

(10.6) 

Processed  foods 

0.0304 

(0.2) 

0.3949 

(5.7) 

Construction 

-0.6243 

(-4.4) 

0.4042 

(7.8) 

Agriculture 

1.2589 

(5.7) 

0.7397 

(16.0) 

Transport  and  communications 

.506 

(22) 

0.9193 

(19.0) 

Trade  £■  distribution 

0.1092 

(0.5) 

0.9722 

(24.9) 

Final  demand 

0.3162 

(2.3) 

0.3908 

(6.1) 
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The  results  of  this  exercise  suggest  that  most  producing  sectors 
in  the  Soviet  economy  substitute  in  favor  of  material  inputs  produced  by 
sectors  with  relatively  high  average  wage  rates.  This  finding  is  in  agree- 
ment with  tile  hypothesis  that  average  wage  rates  reflect  the  relative  availability 
of  different  products  within  the  Soviet  economy.  Although  the  sign  on  the 
estimated  short  run  elasticity  of  substitution  for  the  construction  industry 
is  not  in  agreement  with  this  hypothesis,  it  can  be  explained  if  expansion 
In  that  sector  is  usually  associated  with  increasing  the  numbers  of  unskilled 
workers,  thereby  lowering  the  average  wage. 


Finally,  the  positive  sign  on  the  estimated  short  run  elasticity 
of  substitution  for  the  aggregate  final  demand  sector  is  most  likely  an 
indication  of  the  dominance  of  Investment  and  public  consumption  within  this 
aggregate  r.ather  than  an  indication  of  the  behavior  of  Soviet  consumers. 

The  sign  on  this  estimated  coefficient  therefore  suggests  that  there  is 
substitution  through  time  among  those  goals  delivered  for  end-use  purposes 
in  favor  of  goods  produced  by  sectors  with  high  average  wage  rates,  i.e., 
priority  sectors. 

B . Input-Output  Within  the  Context  of  SOVMOD  III 


As  mentioned  in  the  description  of  the  input-output  component  of 
SOVMOD  II,  the  primary  purposes  of  the  input-output  component  in  the  SRI-WEFA 
Soviet  Econometric  Model  is  to  account  for  the  structural  interdependencies 
among  the  producing  sectors  of  the  model.  This  task  is  carried  out  by 
Introducing  material  inputs  as  a third  argument  in  the  sectoral  production 
functions,  and  using  the  input-output  component  to  determine  a set  of  material 
Inputs  wl’.lch  are  mutually  consistent  with  the  underlying  technological  re- 
lationships existing  within  the  economy  at  that  time.  In  SOVMOD  II  these 
t ec  Imol  ogic.'i  1 relationships  were  Imposed  upon  the  model  exogenously.  In 
SOVMOD  III  those  technological  relationships  are  determined  endogenously 
ami  change  in  response  to  information  generated  within  the  macro  model. 

A detailed  description  of  the  functioning  of  the  input-output  component 
of  SOVTiOD  III  is  most  easily  presented  by  tracing  the  interaction  between 
the  macro  model  and  the  input-output  component  in  the  sequence  of  the 
solution  algorithm. 
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For  the  purposes  of  cur  description,  we  shall  enter  the  solution 
process  at  the  point  where  the  production  functions,  involving  labor,  capital, 
and  material  inputs  as  explanatory  variables,  are  solved.  The  material  input 
variables  entering  these  functions  are  taken  from  the  previous  iteration's 
predictions.  The  predictions  are  deflated  to  1970  prices  using  price 
clt'flators  developed  in  preliminary  work  on  rebasing  the  sequence  of  balanced 
input-output  tables  into  1970  prices. 

.Since  the  vector  of  gross  output  estimates  obtained  from  the 
production  functions  is  in  constant  prices  and  index  number  form,  it  is 
necessary  for  these  estimates  to  be  transformed  into  current  price,  nominal 
value  statistics  before  they  enter  the  input-output  component.  The  exogenous 
deflators  used  in  this  exercise  were  constructed  by  taking  the  ratio  between 
the  Soviet  current  price  GVO  (gross  value  of  output)  statistics,  which  are 
consistent  with  the  input-output  component,  and  the  kiestern  estimates  of  Soviet 
production,  which  are  consistent  with  the  production  functions.  This  vector 
of  GVO  Indexes  is  then  converted  into  current  rubles  using  output  levels  from 
the  1966  input-output  table. ^ 

This  vector  of  current  price  GVOs  is  next  passed  to  the  input- 
output  component  and  used  in  determining  two  sets  of  variables:  (1)  a vector 


Although  metallurgy  is  treated  as  a single  producing  sector 
in  the  input-output  component,  it  is  disaggregated  into 
ferrous  and  nonferrous  metallurgy  in  the  macromodel.  Because  material 
inputs  are  determined  within  the  input-output  component,  there  is  only 
a single  variable  for  material  inputs  into  the  metallurgy  sector.  This 
variable  is  consequently  deflated  and  entered  into  the  production  functions 
for  both  ferrous  and  nonferrous  metallurgy.  Similarly,  before  the  gross 
output  predictions  for  ferrous  and  nonferrous  metallurgy  obtained  from 
the  production  functions  enter  the  input -output  sector,  it  is  necessary 
to  aggregate  these  statistics  into  a single  prediction  for  the  metallurgy 
sector.  .Since  these  predictions  are  in  index  number  form,  it  is  necessary 
that  they  bo  weighted  according  to  their  relative  importance  in  the 
.Tggregato  sector.  The  weights  used  in  this  aggreg.Tt  ion  were  1970  value- 
added  weights. 
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of  sectoral  material  inputs  which  will  be  fed  into  the  production  functions 
in  the  next  iteration,  and  (2)  an  allocation  matrix  whose  elements  are  defined 
by 

(i=l , . . . ,n) 

(j=l n+]  ) 

where 

X . = the  current  value  delivery  of  the  output  of  sector  i to  pro- 
ducing sec  tor  j . 

X.  = the  current  value  GVO  of  producing  sector  i. 

Tftis  allocation  matrix  will  be  used  in  the  next  iteration  in  determining 
sectoral  material  input  flows. 

The  procedure  in  which  these  sets  of  variables  are  determined  is 
dc  li  as  follows.  After  the  vector  of  current  price  GVOs  is  determined 

d to  the  input-output  component,  it  is  multiplied  by  the  previous 
lOii's  allocation  matrix  to  yield  a standard  input-output  flow  matrix 
in  current  prices. 

L^J  - ^ 

(nxn+l)  (nxn) 

where 

/ X_/  = (iixiHl)  input-output  flow  matrix 

~ - (nxn)  diagonal  matrix  with  current  price  estimates  of  GVOs 

entered  along  the  main  diagonal  and  all  off-diagonai  elements 
equal  to  zero. 

(nxn+l)  allocation  matrix  determined  in  the  previous  iteration. 

The  elements  along  the  columns  of  this  flow-matrix  are  then  summed  to 
yield  current  price  estimates  of  sectoral  material  inputs 


i-1 


B 


(nxn+l ) 


(3) 


.11 


T1 
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- X 


(j=l,  ,,.,n) 


(A) 


n 

S X 

1=1  ij 


* # ■ 


where 

X*  = the  current  price  value  of  material  Inputs  into  the  j — - producing 
sector , 


These  estimates  of  sectoral  material  Inputs  will  later  be  deflated  and 
entered  Into  the  production  functions  In  the  next  iteration. 


Before  returning  to  the  macromodel,  it  is  necessary  to  estimate 
an  allocation  matrix  which  can  be  used  in  the  next  iteration  In  determining 
sectoral  material  Inputs.  This  matrix  is  constructed  from  a flow  matrix 
estimated  using  the  modified  Ulckman-Lau  functions  described  In  the  preced- 
ing section.  These  functions  require  three  sets  of  Information;  (1)  current 
value  estimates  of  total  material  input  flows  into  each  producing  sector  - 
obtained  in  equation  (4);  (2)  Information  on  average  wage  rates  in  pro- 
ducing sectors -generated  by  stochastic  equations  within  the  macromodel; 

(3)  coefficients  for  the  Hickman-Lau  functions  estimated  over  the  sample 
period  1959-72.  This  information  is  entered  into  the  modified  Hickman- 
Lau  functions,  shown  In  equation  (5)  to  yield  a current  value  flow  matrix. 


X 


1) 


"iT 


+ (5,  (x,  . -lx  . ) 


) ij 


i -1 


o (1-6 . ) X (oj.  - (jj.  ) 

1 i j 1 1 


(5) 


The  current  iteration's  allocation  matrix  is  then  constructed  from  this 
flow  matrix  by  summing  the  flows  along  each  row  and  then  dividing  each  flow 
by  Its  row  total. 
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At  this  new  point  the  vector  of  current  value  material  input  flows 
is  deflated  using  exogenous  material  input  price  deflators  and  returned 
to  the  macromodel  to  enter  the  production  functions  in  the  next  iteration, 
in  the  next  Iteration,  this  procedure  is  repeated  and  a new  vector  of 
material  inputs  and  new  allocation  matrix  are  calculated.  In  the  final 
iteration,  the  values  of  material  inputs  and  gross  outputs  will  converge 
to  their  respective  solution  values.  The  values  will  be  consistent  with 
the  structural  relationships  reflected  in  the  allocation  matrix  used  in 
the  last  Iteration. 
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V FUTURK  DIRECTIONS 


A . Introduction 

The  extensive  experience  gained  in  building  and  using  several  generations 
of  models  of  the  Soviet  economy  has  opened  up  new  vistas  in  Western  research 
on  the  centrally  planned  economies.  The  development  ''f  a family  of  econometric 
models  has  been  an  Integral  part  of  this  vision  of  future  research.  Some  ap- 
plications would  require  only  a small  version  of  the  SRl-WEFA  Model,  while  others 
would  require  more  detail  with  disaggregation  in  specific  areas. 

One  might  question  this  approach  on  the  grounds  that  th^  different  versions 
of  the  model  would  have  different  inner  dynamics,  tracing  divergent  paths 
undc'r  similar  external  impulses.  So  far,  our  experience  wlcn  these  models 
indicates  that  tills  is  not  a major  problem.  The  main  simultaneities  and 
cyclical  components  can  l)e  found  in  all  versions,  representing  what  we  called 
tile  core  of  the  model. 

What  has  changed  has  been  the  level  of  detail  as  different  problems  have 
been  investigated.  I'here  still  remains,  however,  a trade-off  between  the  ac- 
curacy and  ease  ol  operation  of  the  smaller  versions,  on  the  one  hand,  and  the 
greater  detail  of  the  larger  versions,  on  the  other.  This  trade-off  is  shown 
by  larger  root-mean-squared  errors  for  some  variables  in  dynamic  sample 
p’erlod  simulations  as  we  Increase  the  size  of  the  model,  making  more  room  for 
error  cumulation.  It  should  also  he  pointed  out,  however,  that  as  the  sample 
size  was  increased,  better  data  obtained  and  preferred  specifications  settled  on, 
the  tracking  of  tlu'  different  versions  improved  regardless  of  the  size  of 
the  model.  In  the  future,  it  is  envisioned  time  more  innovative  and  speculative 
r(.'senrch  be  carried  out  using  the  smaller  core  versions  of  the  model,  while 
the  larger  scale  scenario-type  applications,  and  particularly  current  fore- 
casting, would  be  done  with  the  more  detailed  versions. 
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B.  Core  Model  Applications 

1 . Comparison  with  Other  Centrally  Planned  Economies 

Having  succeeded  in  modeling  the  data  generated  by  the  Soviet 
eciuiomy,  it  would  be  interesting  to  see  if  the  other  centrally  planned 
economies  (CPEs)  behaved  in  a similar  way.  Empirically,  these  comparisons 
could  be  carried  out  by  applying  the  core  model  developed  for  Che  Soviet 
case  to  the  other  CPEs.  If  the  approach  were  applied  essentially  uniformly 
to  a series  of  countries,  it  would  constitute  a significant  test  of  the 
hypothesis  of  technical,  behavioral  and  administrative  regularities  embodied 
in  the  core  model  of  the  Soviet  economy. 

To  be  sure,  one  would  expect  to  find  significant  differences  in 
the  relative  importance  of  the  different  sectors  (heavy  industry  of  East 
Germany  vs.  agriculture  of  Bulgaria),  openness  of  the  economies  (Hungary  vs. 
the  Soviet  Union),  or  the  Impact  of  cyclicality  In  agriculture  on  the  per- 
formance of  the  economy  in  question.  We  would  also  expect  differences  in  speeds 
of  adjustment  in  response  to  system  contingencies  discussed  earlier  in  this 
report.  Yet  these  divergencies  would  still  be  in  the  context  and  rhythm  of 
coordinated  Five  Year  Plans.  By  linking  these  models  through  their  foreign 
trade  sectors,  we  could  also  investigate  the  transmission  of  contingencies 
generated  in  one  of  the  economies  to  their  neighbors.  This  presents  an 
unusual  opportunity  to  conduct  a series  of  comparative  systems  tests  using  a 
set  of  econfimetric  models  of  different  countries  but  all  from  essentially 
the  same  family. 

. Fji^r  tJu.T  ,Deyj.d  oiJtnent  of  the  Input-Output  Glojnijione^nt  and  of  a Resource 

Allocation  System 

Our  experience  in  long-run  projections  with  SOVMODs  I and  II ^ 
hits  clearly  indicated  the  Importance  of  analyst  intervention  in  factor 

‘ Green  and  Higgins,  op.  clt..  Chapter  4;  Miovic,  "Longterm  Projections.  . 

Earle,  Foster,  and  Hunter,  JEC  76. 
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allocation  alonj;  the  economy's  growth  trajectory.  The  factor  allocation 
system  simply  was  not  built  to  respond  to  signals  of  existing  or  emerging 
shortages  to  the  extent  necessary  to  preserve  intersectoral  consistency 
over  a horizon  extending  beyond  3-5  years.  Yet  Soviet  priorities  do  shift, 
and  material  and  labor  shortages  evoke  responses  by  planners  which  should 
be  quantifiable  through  careful  econometric  work. 

In  SOVMOl)  111  this  goal  Is  considerably  closer.  The  technology  matrix 
now  moves  over  time  in  response  to  a shifting  composition  of  output  generated 
by  the  production  functions  of  the  macromodel.  In  turn,  as  described  in  the 
previous  chapter,  the  material  inputs  within  the  producing  sectors  are 
distributed  in  response  to  changing  wages,  a time  trend  and  the  previous  year' 
material  allocations.  This  creates  the  simultaneity  essential  to  move  the 
I-O  table  over  time.  On  various  paths  traced  by  the  full  model,  changing 
wages  and  changing  labor  productivity  will  have  effects  on  sectoral  growth 
rates.  SOVMOD  III  thus  exhibits  an  endogenous  factor  allocation  mechanism 
for  material  inputs.  This  approach  might  be  extended  to  influence  the 
allocation  of  capital  investment  and  labor  in  future  work. 

A major  area  of  future  work  will  be  a disaggregation  of  final  demand 
categories  in  the  I-O  matrix.  This  would  permit  the  application  of  similar 
techniques  to  those  used  in  moving  the  technology  matrix  over  time.  The 
comparison  of  deliveries  generated  by  this  input-output  framework  with  the 
demands  arising  from  the  end-use  side  of  the  macromodel  would  generate  a 
vector  of  excess  demands.  These  could  be  used  as  synthetic  measures  of 
pressure  within  the  economy  when  resource  shortages  force  planners  to  change 
allocation  patterns  or  objectives  as  expressed  in  the  documents  of  the  suc- 
cessive Five  Year  Plans.  To  keep  consistency  with  the  contingency  approach 
used  elsewhere  in  the  model,  these  excess  demands  would  be  relevant  in 
the  various  equations  of  the  macromodel.  Pressures  that  generate  changes 
in  the  allocations  of  labor,  capital  and  materials  may  be  quite  different 
from  those  affecting  the  inventory  change  or  foreign  trade. 


A Guidance  System  for  a Macromodel  of  the  Planned  Econom'^ 
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One  issue  which  has  not  been  addressed  directly  by  the  SRI-WEFA  Model 
concerns  the  ultimate  goals  of  the  Soviet  system.  The  longterm  paths  of  the 
capitalist  market  economies  depend  fundamentally  on  individual  and  collective 
preferences:  tlie  saving  propensities  of  individuals  and  corporations,  the 
distribution  of  income  and  the  composition  of  consumer  demand,  and  private  vs. 
rubllc  sector  consumption.  Some  guidance  can  be  exerted  in  these  economies 
through  taxation  and  expenditure  policies  and  there  are  certainly  shifts  in 
direction  because  of  changes  in  technology,  tastes  and  resources.  There  is 
no  reason  to  presume,  however,  that  these  indirect  guidance  mechanisms  are 
either  consistent  or  in  any  sense  optimal.  In  recent  years,  particularly 
with  the  advent  of  control  theory,  attempts  have  been  made  to  introduce, 
sometimes  only  theoretically,  a formal  guidance  mechanism  into  the  deter- 
mination of  economic  policies  in  market  economies.  A number  of  quantitative 
experiments  have  also  been  carried  out  usually  by  introducing  an  optimal 
control  algorithm  into  a macromodel  of  the  economy.  Alternative  policies  are 
then  slmuLnted  and  evaluated  according  to  a specified  criterion.  It  will 
be  some  time,  however,  before  this  approach  becomes  part  of  the  actual 
institutionalized  process  of  cHonomic  decisionmaking. 

In  the  case  of  the  Soviet  Union,  successions  of  Five  Year  Plans 
have  tried  to  set  a course  for  the  economy  according  to  the  vision  of  the 
future  held  by  Soviet  planners  and  the  Party.  If  we  could  capture  empirically 
these  goals  and  the  instruments  being  used  to  achieve  them  within  the  con- 
text of  our  econometric  model,  we  could  make  a significant  step  in  the 
direction  of  understanding  the  guidance  system  of  the  Soviet  economy. 

i One  of  tl'e  main  instruments  that  has  been  used  in  the  past  to 

' push  the  Soviet  economy  in  the  desired  direction  has  been  the  rate  of 

\ capital  accumulation.  Targets  for  new  capital  investment,  and  their 

sectoral  allocation,  are  available  In  the  Plan  documents.  This  information 
! would  he  used  to  repliice  or  supplement  the  shortrun  budget  financing  data 

used  presently  in  investment  determination.  Considering  other  instruments 
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such  as  taxation,  defense  and  nondefense  state  expenditures,  and  foreign 
trade  objectives,  we  would  have  the  basic  tools  to  evaluate  the  feasibility 
and  consistency  of  any  selected  expansion  path. 

At  first,  some  of  these  instruments  could  remain  as  exogenous 
policy  variables  in  the  model.  Eventually,  a more  formal  procedure  could  be 
introduced  by  defining  a loss  function  which  would  be  minimized  subject  to 
the  full  SRl-WEFA  Model  as  a constraint.  The  loss  function  would  contain  the 
targets  and  the  instruments  of  particular  importance.  These  would  be 
aggregated  with  a set  of  weights  reflecting  the  priorities  of  the  planners. 
These  weights  could  be  determined  by  sample-period  simulation  or  fixed 
exogenously . 

C.  Other  Applications 

The  preparation  of  short  and  medium-term  forecasts  for  the  Soviet 
economy  using  the  latest  version  of  the  model  are  expected  to  continue. 

Two  years'  experience  at  this  task  have  now  been  accumulated.  Forecasting 
records,  however,  are  not  built  on  the  basis  of  a two-vear  experience.  To 
be  aware  of  the  latest  developments  in  the  Soviet  economy,  as  well  as  to 
keep  the  model  current  and  improve  it  continuously,  forecasting  must  be  done 
on  a regular  basis. 

Ideally,  a major  forecast  would  be  done  at  least  once  a year.  This 
forecast  would  embody  the  data  revisions  for  the  previous  year  or  years,  new 
model  developments,  new  readings  on  the  Soviet  harvest  (or  weather  conditions) 
and  t iio  data  released  in  tlu'  Soviet  annual  plans.  Between  major  updates, 
there  could  be  special  scenarios,  analyzing  the  imparts  of  current  develop- 
ments In  the  Soviet  and  the  world  economy. 

This  may  seem  like  a simple  task  once  a model  has  been  constructed. 
However,  experience  with  models  of  Western  economies  confirms  that  a good 
modeler's  work  is  never  done.  Models  must  be  exercised  continuously  to 
preserve  both  the  quality  of  the  models  and  the  teams  of  people  associated 
with  them. 
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